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PHARMACOLOGICAL  ASSAYING— HISTORICAL  AND 
DESCRIPTIVE. 

By  Herbkrt  C.  Hamilton. 

(From  the   Medical   Research    I^ljoratories,   Parke,   Davis   &   Co.,   l^etroii,    Mich.) 

'i'he  first  discovery  of  the  value  of  medicinal  substances  and 
their  later  development  was  based  very  largely  on  pharmacologic 
observations.  During  more  recent  times  this  has  been  looked 
upon  as  almost  the  sole  means  for  a  rational  selection  of  rem- 
edies and  for  the  establishing  of  correct  dosage. 

It  is  only  of  comparatively  recent  years,  however,  that  phar- 
macology has  been  recognized  scientifically  as  a  method  of  ascer- 
taining the  value  of  a  medicinal  preparation.  For  the  most  part 
if  no  chemical  method  existed  for  standardizing,  entire  depend- 
ence was  placed  on  the  standard  methods  for  extraction  and  on 
certain  physical  tests.  Later,  when  it  was  recognized  that  a  worth- 
less sample  of  a  medicinal  drug  would  make  an  extract  not 
differing  in  any  apparent  respect  from  one  from  an  active  sam- 
ple, it  was  very  evident  that  an  assay  process  was  a  necessity. 

Pharmacologic  assaying  cannot  be  applied  to  any  drug  which 
induces  no  typical  reaction  when  aflministered  to  an  animal  or 
applied  to  living  tissue,  and  it  is  unnecessary  to  apply  it  to  drugs 
possessing  an  active  constituent  with  well  marked  chemical  char- 
acteristics. In  general,  the  attitude  on  this  subject  is  that  when- 
ever possible  pharmacologic  assaying  is  adapted  for  such  drugs 
as  are  not  amenable  to  chemical  assay. 

On  the  other  hand,  there  is  the  extremist,  who  voices  the 
opinion  of  not  a  few  when  he  says  that  every  medicinal  prepara- 
tion amenable  to  a  pharmacologic  test  should  be  standardized. 
This,  however,  is  scarcely  a  logical  viewpoint. 


*Presented   before    Section    on    Historical   Pharmacy,    A.    Ph.    A.,    Chicago   meeting, 
1918. 


1  he  objection  voiced  against  hiolot^ical  standardization  is 
not  as^ainst  the  method  as  a  general  ])ro])osition.  l)nt  lars^a^ly  aii^ainst 
the  method  in  its  jiarticnlar  application — that  it  is  qualitative  only. 
There  is  no  question  anywhere  of  the  fact  that  only  by  animal 
or  hvnnan  experimentation  can  the  properties  of  a  drug  be  estab- 
lished. The  question  is  whether  the  test  can  be  made  quantitative 
and  the  value  of  the  substance  be  measured  to  establish  the  dosage. 
It  is  only  of  recent  years  that  the  therapeutic  properties  could 
even  occasionally  be  assumed  from  the  chemical  composition. 
We  are  still  to  a  certain  extent  dependent  on  the  natives  to  sug- 
gest the  importance  of  a  drug,  by  the  use  they  make  of  it — a 
use  based  on  a  more  or  less  accidental  observation  of  its  effects 
on  themselves  or  animals. 

As  illustration  of  these  ])oints  it  may  be  noted  that  hellebore 
was  discovered  to  have  medicinal  properties  by  Melampe,  a  shep- 
herd who  traced  the  diarrhea  in  his  sheep  to  their  having  eaten 
of  this  plant. 

Acetanilid  was  by  accident  found  to  have  antipyretic  proper- 
ties by  being  given  to  one  of  Prof.  Kussmanka's  assistants,  caus- 
ing an  alarming  lowered  temperature. 

Many  drugs,  such  as  quinine  and  cocaine,  were  used  by  the 
natives  medicinally  with  no  record  of  their  first  discovery.  In 
some  cases  hutnan  use  followed  the  observation  that  animals 
apparently  chose  certain  plants  for  relief  from  injury  or  disease. 
These  records  are,  however,  not  very  trustworthy. 

Confining  this  historical  account  to  drugs  and  medicinal  sub- 
stances now  commonly  standardized  by  use  of  animals  eliminates 
much  of  interest  in  the  history  of  the  materia  medica,  but 
leaves  for  consideration  some  of  the  most  iinportant  medicinal 
substances,  Cannabis  Sativa,  Ergot,  the  heart  tonics  of  the  Digi- 
talis series,  and  the  Suprarenal  and  Pituitary  gland  extracts. 

The  writer  may  be  pardoned  if  he  draws  somewhat  from  his 
own  experience,  for  19  years  of  close  acquaintance  with  the  actual 
standardization  of  the  drugs  mentioned  covers  the  greatest  part 
of  the  period  during  which  such  standardization  in  its  restricted 
sense  has  been  i)racticed. 


CANNABIS    SATIVA. 

Ca)inahis  Satiz'a,  or,  when  grown  in  India,  designated  as 
Cannabis  Indica.  was  known  and  used  1000  years  B.  C.  It  may 
have  been  the  substance  referred  to  under  different  names,  as 
for  example  Nepenthe.  Its  effects  are  very  wonderfully  described 
in  Dumas'  "Count  of  Monte  Cristo." 

Cannabis  Satira  was  probably  never  standardized  with  any 
degree  of  accuracy  by  the  use  of  any  other  animal  than  the  dog. 
Fraenkel^  confirms  the  experience  of  most  investigators  in  stating 
that  rabbits  are  immune  to  its  action.  Guinea  pigs  are  also  prac- 
tically without  reaction  to  this  drug  in  any  reasonable  quantity. 
Cats  are  susceptible  but  are  unsatisfactory  test  animals  in  many 
respects. 

My  personal  experience  with  its  physiological  assay  on  dogs 
began  in  1899,  but  this  was  merely  to  continue  a  practice  which 
had  obtained  since  1894-5.  Houghton,-  in  1897,  read  a  paper  on 
Physiological  Standardization,  in  which  he  referred  to  its  use  in 
establishing  the  reliability  of  cannabis  preparations,  but  at  that 
time  gave  no  details  of  the  method  applied.  Twenty-seven  sam- 
ples were  assayed,  only  thirteen  of  which  proved  to  be  active 
when  administered  to  animals. 

One  of  the  first  authors  to  mention  the  use  of  dogs  and  to 
describe  specifically  the  effect  of  the  drug  is  Ponthieu",  in  1901, 
who  says:  "To  verify  the  action  of  Cannabis  Indica  the  dog  is 
used,  and  the  drug  is  administered  in  the  form  of  an  extract; 
its  physiological  action  manifests  itself  later  in  a  vacillating  gait, 
ataxia,  depression  of  temperature,  and  finally  complete  insensi- 
bility.'"' 

W'hile  no  accurate  description  of  the  assay  method  originated 
by  Houghton,  and  regularly  practiced  since,  appeared  until  1908, 
a  paper  b}'  Thomas  Maben^  was  read  before  the  Dundee  meeting 
of  the  British  Pharmaceutical  Conference  in  1902,  on  the  physio- 
logical action  of  Cannabis  Indica — a  paper  "based  on  observa- 
tions communicated  to  him  in  the  course  of  a  discussion  with 
H.  C.  Hamilton,"  quoted  from  Proc.  A.  Ph.  A.,  1903,  page  804. 

Famulener  and  Lyons"  have  recorded  the  first  accurate  descrip- 
tion of  the  physiological  assay  of  Cannabis  Indica,  including  doses 
of  official  preparations,  characteristic  effects,  and  the  end-point 
to  be  observed  in  establishing  the  value  of  the  drug. 


l-'raenkel.'  in  an  article  published  the  same  year,  described  the 
action  oi  the  (h"Ui;'  on  dogs,  but  gave  meager  data  on  dosage,  as 
the  samples  tested  were  cannabinol  and  its  derivatives.  The 
work  there  recorded  was  qualitative  only. 

The  details  of  tlie  method  in  practice  at  the  time  of  my  first 
acquaintance  with  the  work  were  identical  with  those  described  by 
Famulener  and  Lyons  with  the  exception  that  in  addition  to 
recording  the  degree  of  incoordination,  other  symptoms,  such  as 
degree  of  preliminary  excitement,  of  drowsiness,  and  of  fall  in 
temperatiu'e,  were  preserved  as  part  of  the  record.  At  some 
time  in  1900  record  of  these  by-efifects  was  discontinued  as  being 
non-essential  and  subject  to  greater  individual  variation  than  the 
degree  of  incoordination  which  is  typical  of  cannabis  intoxication. 
In  reporting  on  the  pharmacological  identity  of  iVmerican  and 
Indian  cannabis  Houghton  and  Hamilton"  described  the  method 
as  modified  and  regularly  applied  at  that  time. 

While  practically  all  the  writers  u\)  to  this  time  had  selected 
the  dog  as  the  test  animal,  Goodall-  writes.  "At  present  my  stand- 
ard is  that  a  dose  of  ^4  grain  should  kill  or  deeply  narcotize  frogs 
of  20  Gm." 

Haskell"  refers  to  Houghton's  as  the  only  assay  method  known. 

This  method  is  again  described  in  concise  form  in  the  Report 
of  the  A.  Ph.  A.  Committee  on  Physiological  Testing.^" 

Pittenger,'^  in  1914,  ptiblished  the  same  assay  method,  but 
with  no  dosage  specified  and  no  material  changes. 

Pearson^-  emphasizes  the  need  of  and  difficulty  in  selecting 
stisceptible  dogs,  also  noting  that  continued  dosing  does  not  pro- 
duce any  immunity. 

Eckler  and  Miller^"  seem  to  be  the  first  to  describe  the  use 
of  a  particular  breed  of  dog  but  not  in  the  sense  of  specifying 
the  exclusive  use  of  this  breed.  Hamilton,  Lescohier,  and  Per- 
kins^* touched  on  a  phase  of  cannabis  standardization  not  appar- 
ently considered  by  other  investigators.  In  order  to  corroborate 
for  human  therapy  the  fact  established  by  animal  experimentation 
that  cannabis  preparations  are  equally  valuable  from  whatever 
source  the  crude  drug  is  derived,  and  require  only  the  ordinary 
physiological  assay,  these  investigators  carried  out  several  series 
of  tests  on  themselves,  using  both  Indian  and  American  grown 
drug.  Their  conclusion  is  that  no  difference  in  the  efifects  of  the 
two  varieties  could  be  detected. 


I'inally.  we  come  to  the  U.  S.  P.  Revision  Committee's  Report 
ncnv  cmljodied  in  U.  S.  P.  IX^''  and  made  official  for  the  assay 
of  Cannabis  Satizv.  This  report  inchides  several  steps  not  pre- 
viously suggested  as  essential  in  assaying  this  drug,  namely,  1st, 
Fox  terriers  as  the  test  animal,  hut  not  exclusively ;  Snd,  Doses 
of  <).().'3  cc  for  \\  E.  Cannahis,  0.3  cc  for  the  lincture,  0.004 
gm.  for  the  extract;  .'5rd,  Preliminary  fast  of  2  1  hours  for  the 
dogs  used. 

Previous  to  this  the  only  requirement  in  the  test  animal  was 
susceptihility.  The  doses  suggested  by  Houghton  and  Hamilton, 
Famulener  and  Lyons,  and  Eckler  and  ^Miller  were  0.01  gm. 
of  extract.  0.1  cc  of  fluid  extract,  and  1.0  cc  of  tincture  per 
kilo  of  dog  weight.  The  period  of  fasting  was  suggested  at 
several  intervals  up  to  1'3  hours.  The  intention  of  the  official 
method  is  to  require  these  preparations  to  produce  an  observable 
reaction  with  the  specified  doses,  while  previous  authors  made 
use  of  doses  of  such  size  that  a  weaker  preparation  would  have 
a  measurable  reaction,  evident  but  less  intense  than  that  required 
for  a  standard  preparation.  This  feature  shortens  the  test  of 
a  weak  preparation  in  that  a  clue  to  its  activity  is  likely  to  be 
obtained  in  the  first  test,  while  by  the  official  method  only  a 
standard    (or  better)    preparation  would  show  an  effect. 

It  is  evident,  therefore,  that  the  official  method  differs  only  in 
some  of  its  details  from  that  previously  followed,  but  that  the-^e 
complicate  the  method  by  including  non-essential  details  anrl  by 
increasing  the  difficulties  of  the  test. 


ERGOT. 

In  very  early  times  this  drug  was  u.sed  in  obstetrics  by  the 
Chinese  and  the  Romans.  Salerne,^  in  1754,  and  Tessier,-  in 
1778,  found  that  gangrene  occurs  in  young  pigs  after  administra- 
tion of  ergot. 

Dietz  noted  that  one  to  three  ounces  of  ergot  would  cause 
gangrene  of  the  combs  of  birds. 

Wiggers'*  fed  9  grains  of  an  extract  he  called  "ergotin,'" 
obtained  by  alcoholic  extraction,  to  a  cock  and  caused  convulsions 
and  death.     This  probably  occurred  too  quickly  for  the  typical 


bluing  Lit  the  cmiib  to  a])pear,  since  he  noted  only  that  the  comb 
became  cold. 

Bonjean'*  obtained  an  aqueous  extract  purified  by  precipita- 
tion with  alcohol  to  which  he  also  gave  the  name  "ergotine." 
This  caused  the  typical  bluing  of  comb  and  wattles  and  a  nar- 
cotic condition,  wliich  demonstrated  to  him  that  it  contained  the 
therapeutic  agent. 

Robert. ■"'  in  carrying  out  investigations  of  ergot  bodies  in  1884, 
used  all  the  labtiratory  animals,  including  cocks,  frogs,  pigs,  rab- 
bits, cats,  and  dogs.  He  used  also  the  isolated  uterus  of  the  sheep 
and  considered  this  the  most  suitable  method  of  testing  ergot, 
but  as  a  second  and  final  test  it  must  produce  abortion  in  preg- 
nant animals  with  no  other  untoward  effect. 

Jacobi's  work  in  189v"  was  probably  the  most  important  to 
that  date  because  he  carefully  checked  up  his  chemical  investiga- 
tions by  means  of  physiological  tests.  He  noted  the  action  of  ergot 
on  the  uterus,  on  the  cock's  comb,  and  on  blood  pressure,  the  three 
characteristic  eft'ects  of  this  drug. 

All  the  work  recorded  to  this  time  had  been  on  experimental 
bodies,  with  no  reference  to  standardization  of  commercial  prod- 
ucts. Houghton,'  in  1898,  proposed,  in  a  paper  before  this  Asso- 
ciation (the  A.  Ph.  A.),  applying  the  Cock's  Comb  ]\Iethod  for  the 
routine  assay  of  commercial  ergot  preparations,  the  method  of 
adnfinistration  then  followed  being  that  of  feeding  the  crude  drug 
and  by  means  of  a  catheter  introducing  fluid  preparations  into  the 
rooster's  crop. 

About  this  time  the  work  of  Barger,  Carr  and  Dale.*^  who 
wrote  voluminously  at  this  period,  seemed  to  have  cleared  up 
much  of  the  uncertainty  regarding  the  identity  and  character 
of  the  active  constituents  of  ergot.  They  showed  that  dififerent 
constituents  were  responsible  for  the  dififerent  physiological  efifects 
noted.  Thus  they  demonstrated  that  the  aqueous  extract  as  well 
as  an  alcoholic  can  contain  an  active  agent.  Ergotoxine,  an 
alkaloid,  appears  to  be  the  agent  causing  the  bluing  of  the  cock's 
comb ;  /j-oxyphenylethylamine  or  tyramine  is  the  pressor  agent, 
although  the  alkaloid  acts  in  this  way,  too ;  while  /^-iminazoylethy- 
lamine  or  histamine  is  the  principle  which  acts  on  the  non-preg- 
nant uterus  and  in  most  cases  lowers  the  blood  pressure  of  anes- 
thetized  dogs   and   rabbits.     This   work   shows   conclusively   why 


no  assay  method  based  on  the  amount  of  any  one  active  con- 
stituent present  is  adapted  to  the  standardization  of  this  drug. 

Dohme  and  Crawford,''  after  considerable  experimentation. 
evolved  the  method  of  injecting  hypodermically  soKitions  of  the 
fluidextract  and  of  Keller's  Cornutine,  using  5  cc  of  the  former 
and  equivalent  amounts  of  the  latter.  They  concluded  that  cor- 
nutine represents  practically  all  of  the  therapeutically  active  sub- 
stances of  ergot  and  that  an  assay  for  Keller's  cornutine  is  the 
correct  means  of  standardizing  this  drug  for  its  vaso-constrictor 
virtues.  Dohme'"  later  concluded  that  this  was  not  a  correct 
method  because  samples  of  ergot  very  low  in  cornutine  were  quite 
active  when  tested  by  physiological  means. 

Barger  and  Dale'^  suggested  a  method  known  as  the  vaso- 
motor reversal.  The  end-point  of  this  reaction  is  the  complete 
neutralization  of  the  ])ressor  effect  of  0.1  mg.  of  adrenalin. 

The  later  recognition  of  the  various  active  agents  of  ergot 
easily  explains  why  this  method  is  very  inaccurate. 

Kehrer^-  found  the  isolated  cat  uterus  suspended  in  Ringer's 
fluid  the  most  satisfactory  method  for  assay,  and  believed  that 
the  manufacturer  had  in  that  a  means  of  assuring  standardized 
products.  From  his  work  with  this  and  with  the  cock's  comb 
method  he  concluded  that  the  same  active  agent  is  not  concerned 
in  the  two  effects,  since  one  disappeared  more  rapidly  than  the 
other. 

GoodalP^  agreed  with  Kehrer  in  the  use  of  cats,  but  employed 
as  the  end-point  the  action  on  blood  pressure — 20  minims  of  liquid 
extract  intravenously  administered  should  raise  the  j^ressure  20 
mm.  of  mercury  in  an  animal  of  1500  Gm.  He.  however,  recog- 
nized the  presence  of  both  pressor  and  depressor  substances,  and 
concluded  that  "In  the  present  state  of  knowledge  it  is  hardly 
possible  to  adjust  the  therapeutic  dosage  of  ergot  to  physiological 
findings." 

Cronyn  and  Henderson^*  pointed  out  that  failure  to  obtain 
satisfactory  blood  pressure  records  is  largely  due  to  the  anesthetic 
— a  volatile  anesthetic  partially  nullifying  the  pressor  action. 
This  has  also  been  observed  by  others.  They  reached  the  same 
conclusion  as  that  of  Goodall,  that  no  thoroughly  reliable  method 
was  known  for  estabhshing  uniformity  in  ergot  extracts.  Their 
work  with  the  cock's  comb  method  is,  however,  open  to  criticism 
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on  accimnt  of  iisiiii^  cliffcrcnt  Iireeds  of  roosters  and  not  more 
carefully  standardizing  the  technic. 

Probably  no  more  extensive  experiments  have  been  carried 
out  to  select  a  satisfactory  assay  method  for  ergot  than  were 
those  of  Edmunds  and  Hale.'"'  who  reviewed  the  literature  crit- 
ically, examined  the  various  methods  which  had  been  suggested, 
and  hnall}^  selected  as  least  subject  to  inaccuracies  the  cock's 
comb  method,  the  end-point  recommended  being  that  1  cc  of 
the  fluidextract  injected  deeply  into  the  breast  muscles  must 
blacken  the  comb  in  one  hour.  As  a  standard  they  suggest  that 
1  cc  of  fluidextract  blacken  the  comb  to  the  same  extent  as 
2^  mg.  ergotoxin  phosphate. 

Pittenger  and  Vanderkleed,"''  in  11)14:,  suggested  as  the  most 
logical  and  accurate  method  for  standardizing  ergot,  its  action 
on  the  isolated  uterus  muscle.  This  method,  in  the  light  of  the 
chemical  and  pharmacological  investigations  of  Barger  and  Dale, 
is  not  applicable  for  their  standardization.  They  consider 
ergotoxin  to  be  the  most  valuable  principle  in  ergot  and  also 
that  it  has  little  action  on  the  uterus. 

My  personal  experience  with  the  standardization  of  ergot 
suggests  the  use  of  White  Leghorn  cocks  not  over  1  year  old. 
sufficiently  susceptible  to  the  action  of  ergot  so  that  1  cc  of  the 
fluidextract  will  blacken  the  comb  in  a  tyjMcal  manner  and  to 
a  reasonable  degree  in  one  hour.  The  roosters  for  test  purjio^es 
have  an  individual  record  of  the  average  degree  of  blackening 
to  be  expected  and  are  frequently  retested  with  a  standard  fluid- 
extract  to  verify  their  susceptibilities. 

Knowing  as  we  do  that  diiTerent  constituents  of  ergot  have 
difl'erent  pharmacologic  effects,  it  is  difficult  to  select  for  test 
purposes  a  reaction  which  surely  represents  the  desirable  thera- 
peutic action  of  the  drug. 

The  chemist  finds  certain  constituents  to  l^e  ])resent ;  the 
pharmacologist  determines  their  typical  cfifects ;  but  rarel\'  has 
the  physician  had  full  opportunity  to  conclude  as  to  which  is  the 
substance  concerned  in  the  therapeutic  effects  of  the  drug. 

As  an  oxytocic  agent  one  would  naturally  believe  that  only 
the  constituent  acting  on  the  uterine  muscle  is  of  value,  while  as 
a  hemostatic  the  pressor  effect  seems  the  logical  measure. 

But  histamine,   which   has   a    selective   action   on   the   uterine 


muscle,  has  not  i)roved  to  be  a  xaluahlc  oxytocic  agent  when  used 
alone,  i^^irther,  it  lowers  the  blood  pressure  of  most  anesthetized 
animals  and  thus  obscures  the  pressor  effect  [of  the  ergot]  and 
makes  the  blood  pressure  test  of  the  drug  an  uncertain  measure  of 
its  value  as  a  hemostatic. 

Tyramine,  another  of  the  constituents  isolated  from  ergot,  is 
said  to  act  on  the  uterus  and  to  raise  the  blood  pressure,  both 
effects  probably  due  to  its  action  on  unstriped  muscular  tissue. 

Ergotoxin  has  much  the  same  therapeutic  effect,  and  pharma- 
cologically has  the  typical  action  of  bluing  the  cock's  comb. 

The  logical  conclusion,  therefore,  from  this  is  that  the  cock's 
comb  reaction  is  not  obscured  by  counteracting  substances,  as  is 
the  pressor  test,  and  with  our  present  knowledge  is  the  most  sat- 
isfactory of  the  various  tests  proposed. 

THE  DIGITALIS    SERIES    OF    HEART    TONICS. 

The  earliest  recorded  attempts  actually  to  standardize  the 
members  of  this  series  are  apparently  those  of  Fagge  and  Steven- 
son^ in  1866.  They  claimed  that  the  physiological  tests  of  these 
medicinal  substances  would  be  of  great  medicolegal  importance. 

They  carried  out  tests  on  most  of  the  members  of  the  series 
but  particularly  on  digitalin.  The  method  used  was  that  later 
called  the  Focke  Method  and  consisted  in  exposing  the  heart  of 
the  weighed  frog,  which  was  then  attached  to  a  cork.  The  solu- 
tion was  injected  subcutaneously  into  the  thighs  and  the  time 
noted  when  the  heart  stopped  in  systole.  The  time  elapsing 
between  injection  and  systolic  stoppage  was  selected  as  the  basis 
for  the  relative  toxicities  of  the  different  samples.  They  con- 
sidered frogs  much  more  satisfactory  than  the  higher  animals 
because  of  ease  in  examining  the  different  organs  and  the  rapidity 
of  their  reaction  to  the  drug. 

Koppe-  carried  out  similar  experiments  on  the  separated  con- 
stituents of  digitalis,  using  the  same  technic  and  end-point  as 
the  earlier  writers.  He  used  other  animals  also,  dogs,  cats  and 
rabbits,  to  which  the  drug  was  administered  mostly  subcutane- 
ously, noting  in  the  dog  and  rabbit  the  changes  in  the  rate  and 
strength  of  the  heart  beat,  in  the  cat  and  dog  also  the  amount 
necessary  to  induce  vomiting. 

In  1881,  Bennefield''  undertook  the  examination  of  tinctures 
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of  (.ligitalis  from  dilTereiit  parts  of  Germany.  Chemical  and 
physical  methods  failini^,  he  applied  physiological  tests,  using  the 
rabhit.  His  technic  was  that  later  adopted  by  Hatcher  for  his 
cat  method,  namely,  to  inject  the  solution  slowly  into  the  jugular 
vein  until  the  animal  dies.  The  solution  injected  was  prepared 
by  evajiorating  the  tincture  to  constant  weight  and  treating  the 
residue  with  water  at  a  moderate  temperature,  using  a  filtered 
solution  for  injection. 

Fraenkel,*  in  the  same  year,  examined  diflferent  preparations 
of  digitalis  on  the  dog.  The  animal  was  curarized  and  injected 
subcutaneously.  He  observed  three  typical  etYects  of  digitalis, 
the  increased  blood  pressure,  decreased  rate  and  increased  ampli- 
tude of  the  heart  beat. 

Gley,^  in  1888,  tested  ouabain  and  strophanthin  on  the  laid- 
bare  frog's  heart  and  observed  that  with  equal  doses  systolic 
stoppage  was  accomplished  in  half  the  time  with  the  former. 
He  also  determined  their  toxicity  on  guinea  pigs,  dogs,  and  rab- 
bits. 

Reusing*'  compared  the  action  of  strophanthus  and  digitalis, 
using  frogs.  He  not  only  studied  the  effect  on  the  exposed  heart, 
as  in  previous  methods,  but  applied  also  a  perfusion  method. 

Bardet'  examined  the  various  active  constituents  of  digitalis, 
employing  frogs  and  rabbits  in  the  method  known  as  the  M.  L. 
D.  method,  the  first  recorded  account  of  the  use  of  frogs  in  this 
the  simplest  application  of  the  physiological  test,  the  method 
adopted  by  Houghton  for  quantitative  assay  purposes. 

Fouquet**  also  determined  only  the  M.  L.  D.,  using  frogs,  dogs 
and  rabbits,  administering  the  material  subcutaneously  with  as 
little  alcohol  as  would  dissolve  the  substance. 

Prevost,"  examining  Swiss  Pharmacopoeial  digitalis  extracts, 
used  frogs  and  chose  for  the  end-point  the  minimum  systolic 
dose.  He  considered  the  frog  by  far  the  best  adapted  to  the 
work. 

Houghton, ^^  in  1898,  in  October  took  the  first  step  in  advance 
of  other  pharmacologists  of  this  time  by  adopting  as  a  routine 
procedure  the  physiologic  assay  of  the  heart  tonics  on  frogs, 
using  the  M.  L.  D.  as  the  end-point.  This  method  was  further 
elaborated  and  presented  before  the  Pharmaceutical  Section  of 
the  1th  International  Congress  of  Applied  Chemistry  on  May  31, 
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1909,  at  which  time  he  suggested  a  Heart  Tonic  Unit  based  on 
the  ]\I.  L.  D.  and  proposed  this  as  an  international  standard  for 
the  assay  of  the  digitalis  series. 

Jacquet,"  recognizing  the  importance  and  the  applicability  of 
the  physiological  test  in  arriving  at  exact  dosage  of  digitahs, 
described  his  method  and  recorded  his  results  in  1897,  but  did 
not  propose  the  routine  application  of  the  method  until  Decem- 
ber, 1898.  His  method  was  the  systolic  stoppage  of  the  frog's 
heart,  but  he  used  rabbits  as  well,  adopting  as  an  end-point  the 
minimum  lethal  dose. 

Frankel,^^  taking  up  the  subject  again,  used  the  systolic  stop- 
page of  the  frog's  heart  as  the  end-point  but  made  an  important 
forward  step  in  fixing  the  time  at  which  stoppage  in  systole  must 
take  place  as  one  hour,  thus  varying  the  dose  instead  of  the  time. 
This  approaches  still  more  closely  the  method  of  Focke  and 
Gottlieb,  and  is  almost  identical  with  the  present  U.  S.  P.  method. 

Famulener  and  Lyons^^  adopted  the  same  general  method, 
probably  about  the  same  time,  in  studying  the  relative  values  of 
different  digitalis  extracts  and  the  active  constituents  of  digitalis. 

Ziegenl)ein,"  using  a  method  credited  to  Hans  and  Arthur 
Meyer  but  really  originated  by  Fagge  and  Stevenson,  examined 
a  number  of  different  species  of  digitalis  and  found  them  to 
differ  greatly  in  toxicity.  He  selected  a  two-hour  interval  in 
which  the  drug  should  act  to  induce  the  systolic  stoppage. 

With  all  the  imperfections  which  he  had  observed  in  the 
physiological  methods  he  considered  that  only  by  the  use  of  the 
frog  could  one  obtain  a  degree  of  uniformity  in  the  activity  of 
digitalis  preparations. 

Moschkowitsch,^''  in  1903,  on  the  basis  of  considerable  exper- 
imentation, regretted  to  report  that  he  failed  to  substantiate  the 
results  of  Focke,  Prevost,  and  others  by  use  of  frogs,  but  his 
failure  seemed  to  carry  no  particular  weight  against  physiological 
testing. 

The  reason  for  this  is  probably  twofold :  first,  because  some 
of  his  work  is  open  to  criticism ;  and,  second,  because  all  who 
have  experimented  in  pharmacologic  assaying  recognize  the  diffi- 
culties and  discouragements  involved,  and,  further,  realize  that 
chemical  methods  have  even  less  evidence  in  their  favor. 

Focke^®   wrote   voluminously   on   the   physiological    assay    of 
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digitalis  anil  a  inelhod  kiuiwii  by  his  name  was  given  tangible 
forni  in  1902. 

He  applied  the  ])rinciple  first  used  by  Fagge  and  Stevenson, 
but  nnHlitied  for  (|uan[itatiVe  results.  He  obtains  a  value  W=p/dt, 
in  which  p  is  weight  of  the  frog,  d  the  dose,  and  i  the  time  of 
systolic  standstill. 

The  objections  to  this,  the  second  modification  of  tlie  frog- 
heart  method  in  its  quantitative  application,  are  first,  that  the 
short  time  selected  for  obtaining  results,  namely,  7  to  10  minutes, 
is  too  short  for  complete  al)sorption  of  the  drug  and  is  thus  inap- 
plicable to  extracts  containing  much  inert  material;  second,  the 
laying  bare  of  the  heart  of  an  unanesthetized  animal  is  contrary 
to  the  best  pharmacologic  procediu'e,  and,  fiu'ther,  is  certainly 
a  factor  in  affecting  the  results  adversely;  third,  the  use  of  so 
few  frogs  does  not  allow  for  suf^cient  elimination  of  exceptional 
frogs — those  much  more  or  less  resistant  than  the  average.  It 
has  never  found  adherents  in  the  United  States. 

In  addition  to  applying  a  quantitative  method  to  digitalis 
assay.  Focke  experimented  with  leaves  from  different  sources, 
of  different  ages,  wild  and  cultivated,  the  effect  of  moisture  on 
deterioration,  and  the  seasonal  and  temperature  effect  on  the  frog. 
In  all,  while  not  much  of  his  work  was  purely  original,  he  added 
consideral)le  to  our  knowledge  of  this  drug  and  its  standardiza- 
tion. 

Santessen^"  used  another  modification  of  frog-heart  method 
in  that  he  observed  the  effect  on  the  heart,  but  did  not  expose  it 
until  the  heart  had  practically  reached  systolic  standstill.  He  rec- 
ognized the  difificulties  of  physiological  standardization  and  the 
importance  of  the  factor  of  individual  resistance  as  well  as  the 
general  factors  which  affect  results  in  such  a  method. 

Hatcher^*  first  adopted  the  systolic  stoppage  of  the  heart  in 
one  hour  as  the  method  and  end-point  for  assay  purposes,  but 
later  wrote  on  his  experiments  with  the  cat  method,  adopting  the 
technic  of  Bennefield,  that  of  slowly  injecting  the  material  into 
the  vein  over  a  period  of  90  minutes,  death  to  take  place  at  that 
time.  This  is  the  first  suggestion  of  the  practical  use  of  this 
method  for  quantitative  assay  and  it  may  be  said  that,  while  there 
seems  little  to  recommend  it,  the  method  has  api)ealed  to  some 
as   of   considerable   importance.      One   of   the  arguments    for    it, 
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ur  rather  used  against  the  M.  L.  D.  frog-heart  method,  is  that 
a  product  may  possess  toxic  principles  which  are  of  no  thera- 
peutic value  hut  which  appear  valuable  by  strictly  M.  L.  D.  meth- 
ods. It  should  be  noted,  however,  that  the  cat  method  is  nothing 
more  than  a  toxicity  test  with  the  disadvantage  that  the  charac- 
teristic systolic  stoppage  cannot  be  observed  to  identify  the 
cause  of  death. 

Hatcher,  himself,  admitted  that  he  found  unaccountable  varia- 
tions of  about  50  percent  and  his  tables  show  even  greater  varia- 
tion than  he  admitted. 

Robinson  and  Wilson,"  in  some  experiments  to  establish  the 
character  of  the  digitalis  action  on  the  cat's  heart,  observed  a 
total  variation  of  100  percent  in  the  lethal  dose. 

Reed  and  Vanderkleed,^"  objecting  to  the  use  of  frogs  be- 
cause of  the  number  of  variable  factors  concerned,  proposed  the 
M.  L.  D.  of  guinea  pigs  as  a  quantitative  method.  They  have, 
however,  failed  to  prove  that  guinea  pigs  have  a  constant  resis- 
tance and  that  death  results  from  a  direct  action  on  the  heart. 
It  is  another  M.  L.  D.  method  with  no  technic  to  confirm  the 
cause  of  death,  such  as  is  available  in  the  frog-heart  methods. 

The  work  of  Sollmann  and  others-^  in  showing  the  influence 
of  temj^erature  on  the  toxicity  of  the  digitalis  series  to  frogs  is 
well  worth  noting  and  is  highly  important.  This  variable  factor, 
however,  is  ofifset  in  both  the  frog-heart  methods  by  the  use 
of  the  standard  for  comparison  in  every  assay,  thus  eliminating 
this  as  well  as  other  uncontrollable  factors,  such  as  climate  and 
season  and  the  species  and  weight  of  the  frogs. 

Heintz,^-  in  1912,  recognizing  the  limitations  of  the  various 
physiologic  tests  proi)osed,  suggested  applying  not  one  but  several 
tests,  including  the  M.  L.  D.  and  ]\I.  S.  D.  on  frogs,  the  M.  L. 
D.  on  mice,  and  the  pressor  action  on  the  circulatory  system  of 
rabbits  and  cats.  The  toxic  dose  on  mice  is  by  internal  admin- 
istration with  food  in  pill  form.  His  proposition  has  received 
little  comment. 

Krogh-''  used  the  isolated  frog's  heart  and  determined  the 
lowest  concentration  of  the  drugs  which  would  arrest  the  spon- 
taneous rhythm.  He  considered  the  method  accurate  within  10 
percent. 

One  other  proposed  method  remains  to  be  noted,  namely,  that 
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of  ritteiii^er.-'^  wIk)  sugs^ested  the  use  of  gold  lisli,  \s'hich  are 
particularly  susceptible  to  the  intlueuce  of  poisons  in  water.  It 
is  probably  the  simplest  method  heretofore  proposed,  but  it  appears 
to  have  gained  insufficient  recognition  for  criticism.  It  is  another 
M.  L.  D.  method  and  allows  of  no  means  of  identifying  the 
poison  that  causes  death. 

Of  the  methods  quoted,  only  the  M.  L.  D.  and  M.  S.  D.  on 
frogs,  and  j\I.  L.  D.  on  guinea  pigs  and  cats,  are  practiced  in 
the  United  States.  The  M.  S.  D.  on  frogs  is  the  one  suggested  in 
the  U.  S.  P.  IX  as  adapted  to  the  standardization  of  this  important 
series  of  drugs. 

The  cat  method,  as  stated  before,  is  purely  a  toxicity  test  and 
can  be  classed  with  that  on  guinea  pigs  as  objectionable  because 
death  is  almost  invariably  due  to  paralysis  of  the  respiratory 
centers,  and,  therefore,  not  directly  a  measure  of  the  heart  tonic 
value. 

As  stated  by  Edmunds  and  Hale,  there  is  little  to  choose 
between  the  M.  L.  D.  and  M.  S.  D.  on  frogs.  To  one  who  has 
been  accustomed  to  the  former,  however,  it  has  three  advantages 
over  the  M.  S.  D.  method :  first,  in  the  use  of  a  larger  number 
of  frogs  with  less  work  and  actual  time  involved ;  second,  in  the 
elimination  of  the  factor  of  slow  absorption ;  and  third,  in  the 
fact  that  the  end-point  is  not  obscured  by  rough  handling  such 
as  by  the  pithing  and  laying  bare  of  the  frog's  heart.  At  the 
.same  time  it  has  the  only  advantage  claimed  for  the  M.  S.  D. 
method  in  that  the  frog's  heart  can  always  be  examined  to  verify 
the  identity  of  the  toxic  principle. 

THE  PITUITARY  GLAND 

While  the  extracts  of  this  gland  have  widely  ditferent  effects, 
such,  for  example,  as  the  pressor,  diuretic,  galactagogue,  cathartic, 
and  oxytocic  actions,  no  undisputed  chemical  evidence  has  been 
brought  forward  to  demonstrate  the  presence  of  more  than  one 
active  constituent — a  substance  which  acts  on  plain  muscular 
tissue  and  is  responsible  for  all  the  phenomena  noted. 

As  assay  methods,  only  three  have  been  proposed  and  of 
these  only  two  are  generally  used,  one  being  official  in  the  l>th 
Revision  of  the  U.  S.  P. 

The  first  method  proposed  is  that  by  Dale  and  Laidlaw,^  who 
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in  1912  described  the  method  which  with  some  modifications  is 
now  official.  It  consists,  in  brief,  in  using  the  isolated  uterine 
muscle  from  a  young  guinea  pig  of  not  to  exceed  350  Gm.  weight. 
One  horn  is  removed,  suspended  between  a  fixed  and  a  movable 
attachment  in  artificial  blood  plasma  (Locke's  solution)  heated 
to  body  temperature,  and  the  solution  to  be  tested  is  thoroughly 
mixed  with  the  Locke  solution  to  make  a  homogeneous  mixture 
in  contact  with  the  uterine  muscle.  It  is  claimed  that  when  all 
the  conditions  are  rigidly  followed  the  contractions  of  the  uterus 
will  vary  according  to  the  amount  of  active  principle  present  in 
the  solution. 

There  are  many  factors  affecting  the  sensitiveness  of  the 
muscular  tissue  used  in  the  test  and,  therefore,  affecting  the 
quantitative  accuracy  of  the  method,  such,  for  example,  as  the 
size,  age  and  condition  of  the  pig,  tlie  temperature  changes  of 
the  solution  in  contact  with  the  specimen,  and  the  presence  of 
foreign  substances  in  the  Locke's  solution  or  in  the  pituitary  ex- 
tract. 

The  method  has  been  later  described  by  a  number  of  authors, 
in  each  case  with  some  slight  variation  in  technic. 

Fuhner^  applied  this  method  in  attempting  to  prove  the  sep- 
aration from  the  gland  of  four  active  constituents  with  different 
properties.  One  of  these  constituents  was  considered  to  be  the 
active  principle,  but  others  had  similar  properties  less  .strongly 
pronounced. 

Heidelberg,  Pittenger  and  Vanderkleed^  consider  the  oxytocic 
to  be  the  only  method  practicable  for  quantitative  assaying, 
describing  in  minute  detail  the  apparatus  and  technic  used  by 
them. 

Guggenheim*  used  the  rat  uterus  with  approximately  the  same 
technic.  There  was  no  exceptional  contraction  observed,  but 
after  applying  hypophysis  extract  to  the  uterus  it  maintained  a 
steady  contraction  instead  of  the  normal  rhythmic  contractions. 

Roth^  described  the  Dale  method  in  minute  detail  with  his 
modifications  and  concluded,  on  the  basis  of  considerable  experi- 
mentation, that  it  is  the  most  satisfactory  assay  method,  he  hav- 
ing also  applied  tests  on  the  intact  uterus  and  the  blood  pressure. 
The  intact  uterus  is  so  rarely  used  that  it  is  not  regarded  as  a 
distinct  method. 


For  a  standard  in  carrying  out  the  uterine  contraction  assay 
Koth  proposed  and  used  a  solution  of  histamine  which  acts  sim- 
ilarly to  pituitary  on  the  uterine  muscle  but  which  more  often 
lowers  than  raises  blood  pressure.  The  final  dilution  of  histamine 
found  best  suited  in  most  cases  is  1  in  20,000.000,  which,  in  com- 
parison with  two  of  the  best  known  commercial  preparations, 
diluted  1-15000  caused  equal  contractions.  No  tracings  were 
submitted  to  substantiate  these  statements. 

For  the  pressor  test,  histamine  not  being  a]:)plicable.  a  com- 
mercial preparation  was  selected  for  comparison  with  the  others. 

The  blood  pressure  method  was  proposed  by  Hamilton''  the 
same  year  that  Dale's  method  was  published. 

Disregarding,  because  of  expediency  rather  than  for  any  other 
reason,  the  physiological  effects  of  pituitary  extracts  other  than 
that  on  the  circulatory  system,  this  author  proposed  a  pressor 
test  l)y  which  the  activity  of  the  extract  could  lie  measured  with 
considerable  accuracy. 

The  dog  anesthetized  with  chloretone  was  used  in  the  same 
general  way  as  for  standardizing  suprarenal  gland  extracts,  com- 
parison being  made  between  the  sample  and  a  standard  pre- 
l)ared  from  the  dried,  defatted,  powdered  posterior  lobe.  The 
standard  material  was  prepared  in  considerable  quantity  in  order 
to  represent  an  average  product.  The  amount  to  be  injected  at 
one  time  was  specified  as  1  cc  of  the  solution  to  be  obtained 
by  dissolving  the  soluble  part  in  acidulated  water,  usin;^^  1  C]m. 
to  1000  cc. 

The  method  was  described  in  greater  detail  by  Hamilton  and 
Rovve.'  who  critically  analyzed  the  two  methods,  jjoiiiting  out  the 
discrepancies  in  Roth's  results  and  particularly  calling  attention 
to  the  failure  of  the  oxytocic  method  as  a  measure  of  pressor 
action  of  pituitary  extracts  becau.se  of  the  use  of  histamine  as 
a  standard,  since  the  latter  is  usually  not  a  pressor  agent.  It 
is  also  questionable  as  a  standard  because  its  clinical  action  is  not 
identical  with  that  of  a  pituitary  extract.  The  unqualified  use  of 
histamine  as  the  standard  was  also  criticised  by  Pittenger  and 
Vanderkleed,*  and  by  Pittenger,''  who  have  not  found  different 
lots  of  histamine  equally  active,  nor  have  the  solutions  been  ])roved 
to  be  stable. 

The  U.  S.  P.  ''th  Revision  Committee  gave  no  details  of  the 
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test,  but  direclecl  attention  to  the  method  described  by  the 
Hygienic  Laboratory.  The  strength  of  the  official  solution,  how- 
ever, has  been  specified  as  equal  to  that  of  histamine  1  to  1000, 
a  value  estimated  by  diflferent  authors  as  being  from  10  percent 
to  40  percent  as  strong  as  a  good  commercial  preparation.  This 
has  been  noted  by  Pittenger,"  Hamilton,^"  and  Eckler,"  and  the 
result  of  the  statement  is  that  no  ofificial  preparation  has  appeared 
on  the  market,  since  strict  adherence  to  this  standard  would  in 
some  cases  lower  the  activity  of  the  preparations  considerably 
below  the  present  high  standard. 

The  objections  to  the  oxytocic  method  other  than  those  con- 
cerning the  character  of  the  standard  and  the  activity  of  the  offi- 
cial product  refer  principally  to  the  fact  that  the  uterine  muscle 
is  so  sensitive  to  other  stimuli  than  that  specific  for  pituitary 
extracts  that  uniform  quantitatively  accurate  results  are  not 
obtainable,  the  reaction  being  rarely  proportional  to  the  amount 
of  extract  applied. 

The  principal  objection  advanced  against  the  pressor  test  is 
that  the  dog,  while  least  subject  of  all  animals  to  this  fault,  does- 
not  remain  sensitive  to  repeated  injections,  but  becomes  progres- 
sively less  responsive  after  the  first  tv^o  or  three.     This,  how- 
ever, has  not  proved  a  valid  objection  in  the  work  of  the  author.^-" 

The  third  method  proposed  is  that  of  Spaeth,^-  who  uses  the 
melanophores  of  F.  hctcroclitus.  "As  a  result  of  this  work  it 
appears  that  the  melanophores  of  Fundulus  and  probably  of  all 
other  teleost  fishes  must  be  considered  functionally  modified 
smooth  muscle  cells."  These  melanophores  or  pigment  cells  of 
the  fish  are  a  part  of  the  scales. 

In  the  assay  method  these  scales  are  placed  in  the  pituitary 
solution  and  the  resulting  contraction  is  evidenced  by  the  apparent 
bleaching  out  of  the  pigmented  portion  of  the  scales.  This  eflfect 
is  also  produced  by  potassium  chloride  in  0.1  N  solution  and  it 
is  proposed  that  a  dilution  of  this  solution  shall  be  used  as  a 
standard  for  comparison. 

The  standard  test  solution  is  a  mixture  of  1  part  0.1  A''  KCl 
and  2.5  parts  0.1  A^  NaCi.  The  solution  of  pituitary  extract  is 
to  be  mixed  with  an  equal  amount  of  0.2  N  NaCl — a  dilution 
which  Spaeth  suggests  as  "a  uniform  standard  for  pituitary  ex- 
tract."    As  the  author  has  had  no  experience  with  the  method — 
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the  F.  hctcroclitus  not  being  available  in  inland  towns — it  will  not 
be  discussed  except  from  its  superficial  aspects. 

It  is  not  an  illogical  test  in  that  the  same  general  effect  of 
pituitary  extracts  as  that  tested  in  the  other  methods  is  made 
use  of.  namely,  the  constricting  action  on  smooth  muscle — an 
effect  which  should  be  fairly  transferable  from  any  one  kind 
of  tissue  to  another.  The  use  of  KCl  as  a  standard  instead  of 
a  standard  pituitary  product  is  no  more  illogical  than  the  use 
of  histamine  in  the  oxytocic  test. 

It  is  improbable  that  the  use  of  a  test  object  not  easily  obtain- 
able in  every  locality  would  ever  appeal  to  the  average  investi- 
gator unless  the  method  were  pre-eminently  satisfactory.  This 
has  not  been  demonstrated  either  by  the  originator  of  the  method 
or  by  any  other  investigator. f 

The  principal  points  to  be  considered  in  comparing  the  prac- 
ticability of  the  first  two  methods  (omitting  the  third,  since  no 
data  on  it  are  available),  are  as  follows:  The  pressor  test  meas- 
ures the  constricting  effect  of  pituitary  extract  on  smooth  muscle 
and  has  been  found  free  from  many  of  the  objectionable  features 
of  the  oxytocic  effect,  such  as  its  supersensitiveness  and  lack  of 
uniformity  in  results.  The  dog,  contrary  to  Roth's  statement 
(which  he  failed  to  prove),  does  not  become  progressively  less 
reactive  to  pituitrin  if  the  proper  technic  is  followed. 

THE   SUPRARENAL  GLAND:   ADRENALIN 

The  ]>hysiological  standardization  of  extracts  of  this  glanrj 
depends  entirely  on  its  constrictor  effect,  and  the  assay  method 
now  used  to  the  exclusion  of  all  others  is  the  constricting  action 
on  the  arterioles  causing  an  increased  blood  pressure.  In  fact, 
so  completely  has  this  effect  taken  the  place  of  other  reactions 
that  the  use  of  any  other  test  is  not  considered. 

Oliver  and  Schafer,^  in  1894  and  1895,  noted  the  marked 
blood-pressure-raising  action  of  these  extracts,  as  rlid  also  a  num- 
ber of  others  about  the  same  time. 

Von  Fiirth,  in  1898,^  carrying  out  pharmacologic  tests  in  con- 
junction  with   his   chemical   experiments,   observed    that   when    a 


tUnofficial  reports  from  the  Hygienic  Laboratory  are  to  the  effect  that  this  method 
was   found    to    be    inaccurate   and    impracticable. 
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substance  isolated  from  the  gland  was  intravenously  administered 
in  a  dose  of  0.000025  Gm.  to  a  rabbit  the  blood  pressure  rose 
114  to  116  mm. 

Among  others  who  wrote  of  this  reaction  is  Gottlieb,  whose 
contribution^  is  noteworthy  because  of  the  tracings  showing  the 
action  of  suprarenal  extract  on  the  circulatory  system  of  a  dog, 
the  blood  pressure  of  which  had  been  reduced  to  zero  by  paralyz- 
ing the  heart  with  potassium  nitrate. 

This  combined  action  on  the  heart  and  circulatory  system  is 
the  effect  which  forms  the  basis  of  the  method  proposed  by 
Houghton*  in  a  paper  read  before  this  Association  in  1901. 

The  method  in  brief  consists  in  the  use  of  an  anesthetized 
dog,  the  injections  being  made  intravenously  and  the  results 
recorded  from  the  carotid  artery  by  means  of  a  kymograph.  The 
injections  can  most  conveniently  be  made  into  one  of  the  femoral 
veins  and  the  record  made  and  preserved  on  a  sheet  of  blackened 
paper  on  the  revolving  drum  of  the  kymograph.  Tracings  obtained 
in  this  way  are  shown  in  which  the  rise  in  blood  pressure  varies 
directly  with  the  amount  of  active  agent  injected. 

My  personal  experience  with  this  method  began  in  1900,  at 
which  time  the  standard  used  for  comparison  was  a  carefully 
prepared  and  preserved  extract  of  the  gland  so  diluted  before 
injection  that  the  rise  in  blood  pressure  would  not  in  general 
be  greater  than  20  to  30  mm. 

In  1902,  in  a  second  paper  by  Houghton,*  the  method  was 
amj)lified  and  the  active  constituent,  adrenalin,  was  proposed  as 
the  standard,  with  the  test  dose  for  the  average  dog  1  cc  of 
solution  containing  0.00001  Gm.  of  adrenalin  chloride.  This  is 
by  no  means  a  minimum  active  dose,  but  it  was  selected  as 
the  dose  from  which  the  reaction  was  most  sensitive  to  minute 
changes.  Thus  it  is  easy  to  distinguish  a  difference  of  5  per- 
cent more  or  less  than  this  amount  when  injected  into  an  average 
dog.  and  it  therefore  permits  of  standardization  within  these  limits 
of  error. 

No  material  change  from  this  technic  was  proposed  by  anyone 
until  the  Revision  Committee  of  the  9th  U.  S.  P.  included  the 
suprarenal  gland  among  the  drugs  for  which  a  physiological  test 
was  proposed.  To  the  casual  reader  the  two  methods  are  identical, 
but  to  the  operator  there  are  several  points  of  difference  which 


20 

have  received  critical  comment  by  Hamilton,''  who  pointed  out 
sources  of  error  in  the  described  technic. 

Cameron.*'  in  15)0(),  after  trying  various  other  methods,  chose 
the  blood  pressure  method  as  the  most  convenient  and  reliable 
for  the  purpose  of  standardizing  suprarenal  products. 

Hunt.'  and  Sollmann  and  Brown,^  using  the  same  general 
method,  assayed  and  reported  on  several  commercial  samples. 

Crawford"  reviewed  the  literature  and  gave  minute  details 
used  in  applying  this  method,  but  suggested  no  additional  meth- 
ods. 

Lawen.'"  using  the  same  kind  of  a  reaction,  but  applied  by 
perfusion  through  the  blood-vessels  of  the  frog,  demonstrated 
the  constricting  etTect.  but  found  the  animals  to  vary  consider- 
ably in  their  response. 

He  observed  the  effect  of  a  mixture  of  cocaine  and  suprarenin, 
as  Braun  had  first  noted,  to  be  a  localization  of  the  former  and 
thus  prevention  of  its  general  action. 

Ehrman^^  applied  the  reaction  to  the  pupil  of  the  enucleated 
frog's  eye,  the  constricting  effect  in  this  case  being  on  the  iris, 
thus  causing  a  measurable  dilatation  of  the  pupil.  He  consid- 
ered the  method  equally  accurate  with  other  applied  methods, 
but  his  results  show  that  a  dilution  of  adrenalin  corresponding 
to  the  commonly  used  test  solution,  namely,  Solution  Adrenalin 
Chloride  1-1000  diluted  1  in  100.  /.  c.  0.00001  Gm.  per  cc,  was 
inactive. 

In  this  historical  account  of  physiological  standardization  no 
attempt  has  been  made  to  have  the  references  exhaustive,  because 
many  of  the  workers  along  these  lines  have  made  no  attempt 
to  apply  the  test  quantitatively.  On  the  other  hand,  a  number  of 
the  authors  quoted  have  not  contributed  directly  to  the  develop- 
ment of  drug  standardization,  but  their  work  has  been  very  helpful 
in  pointing  the  way  and  for  that  reason  is  too  important  to  be 
omitted. 

In  collecting  the  bibliography  I  have  been  greatly  assisted 
by  consulting  the  records  of  a  number  of  authors  who  have  in 
some  cases  had  access  to  more  extensive  libraries  than  were 
available  to  me. 

It  is  evident  from  a  study  of  the  collected  references  abstracted 
that  there  has  been  no  orderly  development  of  the  methods  offi- 
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cial  or  unofficial  now  in  use  to  assay  these  important  drugs.  In 
two  cases — Cannabis  Sativa  and  Adrenalin  solutions — there  has 
been  only  one  method  for  each  adopted  for  general  use,  and  in 
both  cases  that  method  made  use  of  one  of  the  first  typical  effects 
observed.  In  the  other  three  cases — ergot,  the  digitalis  series, 
and  pituitary  gland  extracts — two  or  more  methods  are  in  com- 
mon use  and  there  seems  no  way  to  reconcile  conflicting  opinions. 

The  reason  for  this  is  that  in  no  case  is  any  opinion  wholly 
right  or  wholly  wrong  and  no  one  is  inclined  to  give  up  a  method 
which  in  his  hands  has  given  fairly  satisfactory  results  for  one 
which  does  not  appeal  to  him  as  being  either  more  logical  or 
more  accurate. 

If  it  were  possible  to  check  up  by  clinical  tests  the  results 
obtained  l)y  the  different  methods  of  pharmacologic  assay — if, 
for  example,  it  were  possible  to  determine  which  is  the  better 
of  two  samples  of  pituitary  extract,  alike  by  one  method  of 
assay  and  different  by  another — then  differences  of  opinion  as 
to  the  adaptability  of  any  particular  method  would  vanish.  This, 
while  apparently  a  simple  means  of  eliminating  discord,  has  never 
been  worked  out  in  practice,  and  we  seem  no  nearer  to  a  satis- 
factory solution  of  the  problem  than  at  any  time  in  the  past. 

How  serious  these  differences  of  opinion  are  as  to  which 
method  of  assay  is  correct  the  following  quotation  from  a  letter 
which  passed  between  two  state  universities  will  serve  to  illus- 
trate :  "Permit  me  to  call  your  attention  to  the  fact  that  the 
studies  of  Roth  and  Edmunds  and  many  other  workers  merely 
relate  to  the  toxicity  (of  digitalis).  Furthermore,  in  this  con- 
nection the  U.  S.  P.  suggests  a  standard  based  on  toxicity  which, 
in  the  opinion  of  Hatcher  and  many  other  workers,  is  not  the 
measure  of  the  therapeutic  value  of  the  drug.  A  sample  may 
be  toxic  and  high  in  vaso-constrictor  properties,  and  at  the  same 
time  be  absolutely  contra-indicated  in  90  percent  of  the  cases 
where  digitalis  is  called  for.'' 

The  above  quotation  is  evidence  that  the  official  recognition 
of  a  method  is  not  sufficient  to  obtain  its  general  recognition,  and 
shows  how  valuable  some  clinical  evidence  would  become  if  it 
were  practicable  to  obtain  it. 

The  history  of  Physiological  Standardization  to  date  is  a 
record  of  wonderful  development  in  the  face  of  many  discourage- 
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ments.  The  opposition  has,  however,  largely  broken  down  and 
thus  the  way  is  cleared  for  still  greater  achievement.  With  the 
active  cooperation  of  the  clinician  much  might  be  accomplished 
which  under  present  conditions  is  next  to  impossible. 
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Since  the  first  attempt  to  standardize  digitalis  leaves  and 
the  extracts,  it  has  been  observed  that  they  vary  greatly  in  activ- 
ity. 

Bennefield,'  in  1881,  using  a  method  almost  identical  with  that 
suggested  in  the  !)th  Rev.  U.  S.  P.  for  standardizing  the  digitalis 
series  of  heart  tonics,  found  a  variation  of  about  500%  in  the 
activity  of  tinctures  from  digitalis  leaves  from  various  parts  of 
Germany. 

Biihrer,-'  in  1900.  found  a  difference  of  400%  in  the  activity 
of  some  fiuidextracts.  Frankel*  found  variations  of  300  to  400% 
in  tinctures  and  infusions.  Edmunds,^  in  1907,  tested  17  commer- 
cial tinctures  and  found  a  variation  of  400%. 

Many  other  similar  results  have  been  recorded,  in  some  cases 
the  reason  being  assigned  to  climate,  soil,  variety,  or  the  locality 
from  which  the  leaves  were  obtained. 

Focke**  observed  that  wild  digitalis  is  more  toxic  than  the 
cultivated  and  the  second  year's  growth  than  the  first.  He  also 
observed  that  the  leaves  gathered  at  seeding  time  are  less  active 
than  when  collected  earlier.  He  was  the  first  to  record  his  obser- 
vations as  to  the  causes  of  deterioration  and  the  effect  of  light 
and  heat  in  drying  the  leaves.  The  former  is  negligible,  but  he 
considered  that  when  dried  in  the  air  in  the  ordinary  way  with- 
out special  care  in  preserv'ing,  the  activity  is  soon  largely  lost. 
This  he  considered  to  be  due  to  the  moisture  content,  which  per- 
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niittetl  tlie  enzymes  and  ternients  of  the  leaves  to  remain  in  an 
active  state,  and  to  tlieir  action  in  breaking  down  the  sensitive 
glucosides  to  less  active  substances.  His  remedy  is  to  heat  the 
leaves  rapidly  to  a  temperature  not  to  exceed  100°,  drying  to  a 
moisture  content  of  about  Vj  of  1%  and  preserving  in  dark  air- 
tight jars. 

Tordes/  in  1S6T,  claimed  that  digitalis  from  the  vicinity  of 
Strassburg  was  better  than  that  from  other  localities  becatise  of 
the  careful  selection,  drying  and  preserving  of  the  leaves.  They 
used  leaves  of  the  second  year's  growth  only,  first  dried  in  the 
shade,  then  in  an  oven  at  a  temperature  not  over  40^  C.  The  leaves 
were  then  kept  in  tin  or  glass  containers  away  from  light  and 
moisture. 

Sharp  and  Lancaster,-  in  a  series  of  careful  experiments, 
showed  that  digitalis  leaves,  not  specially  dried  but  kept  dry, 
retained  their  activity  for  11  years,  while  the  fluid  preparations 
began  to  deteriorate  between  the  thirteenth  and  fifteenth  months. 
They  also  observed  that  leaves  of  first-year  plants  were  intensely 
bitter  and  probably  very  active. 

Hatcher  and  Eggleston"  found  that  old  samples  of  digitalis 
leaves  and  tinctures,  neither  of  them  specially  preserved,  were 
not  much  below  their  original  activity.  They  concluded  that  fluid 
preparations  containing  not  less  than  50%  alcohol  do  not  dete- 
riorate to  any  considerable  degree.  This,  however,  is  not  in  accord 
with  the  conclusions  of  most  investigators,  although  the  higher 
strengths  of  alcohol  are  in  general  much  better  than  the  lower  for 
preserving  the  activity  of  digitalis  preparations. 

Houghton  and  Hamilton.*  in  a  series  of  tests  and  retests  of 
digitalis  extracts,  showed  that  none  of  them  were  free  from  the 
fault  of  deterioration,  but  the  higher  percentages  of  alcohol  ap- 
peared to  not  only  more  completely  extract  but  also  more  thor- 
oughly preserve  the  active  principles. 

On  the  supposition  that  the  strong  alcohol  destroys  the  active 
ferments,  these  results  are  in  accord  with  the  results  of  Perrot 
and  Goris,^  who  published  a  method  by  which  the  enzymes  could 
be  destroyed,  with  the  subsequent  complete  preservation  of   the 


'Tordes,   Ga:.   Med.   Strassburg,  27,    191    (1867). 

'Sharp  and   Lancaster,   Pharm.  J.,   32,   102    (1911). 

»Hatcher   and  Eggleston,  Am.  J.  Pharm.,  8.5.  20.3  (1913). 

^Houghton    and    Hamilton,    Ibid..    81,    461    (1909). 

'Perrot  and  Goris,  Abs.  in   La  Presse  Medicate.   17,  776    (1909). 
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drug  in  its  original  activity.  This  was  accomplished  by  subject- 
ing the  drug  to  the  vapors  of  boiling  alcohol,  after  which  it  was 
drie<l  in  the  air.  Such  precautions,  however,  seem  unnecessary 
in  view  of  the  results  with  old  samples  of  digitalis  obtained  by 
the  different  investigators  quoted,  especially  Hatcher,  who  found 
high  values  in  25-year-old  leaves,  and  Sharp  and  Lancaster,  who 
found   11-year-old  drug  to  have  lost  little  of  its  activity. 

The  writer  recently  had  occasion  to  extract  and  test  a  sample 
which  had  been  in  the  possession  of  Northwestern  University  for 
25  years.  Its  activity  was  fully  150%  of  that  of  the  average 
drug  at  present  obtainable. 

Recently  the  subject  of  drying  digitalis  leaves  has  come  up 
in  connection  with  the  samples  of  this  drug  grown  wild  in  Oregon 
and  submitted  to  the  Government  for  the  Medical  Department  of 
the  Army.  It  was  stated  that  unless  the  drug  was  dried  in  an 
oven,  at  75°  to  90°  C,  it  was  practically  worthless. 

This  statement  being  so  entirely  at  variance  with  the  opinions 
commonly  held,  some  experiments  were  inaugurated  to  demon- 
strate its  correctness.  Unfortunately,  there  was  not  available 
a  sufficient  amount  of  the  growing  digitalis  leaves  to  make  the 
experiments  conclusive,  but  the  results  are  apparently  of  suffi- 
cient importance  to  be  published. 

From  some  previous  experiments,  unpublished,  it  had  been 
observed  that  the  fresh  leaves  extracted  with  95%  alcohol  had  a 
higher  degree  of  activity  than  the  average  digitalis  on  the  market, 
and  apparently  the  tincture,  so  prepared,  was  more  active  than 
that  prepared  from  a  part  of  the  same  lot  of  leaves  dried  before 
extraction. 

The  following  experiments  were,  therefore,  planned  and  car- 
ried out.  Fresh  leaves  were  gathered  from  the  flowering  and 
fruiting  plants  in  July,  divided  into  three  equal  amounts  and 
extracted  as  follows : 

First:  Extracted  immediately  with  95%  alcohol  for  the 
moistening  and  then  with  70%  alcohol  to  complete  exhaustion. 

Second :  Dried  in  an  oven  at  temperatures  ranging  between 
75°  and  90°  C.  then  extracted  with  70%  alcohol.  The  drying  cov- 
ered a  period  of  about  5  hours. 

Third :  Dried  in  the  air  and  partly  in  the  sun  over  a  period 
of  4  days,  then  extracted  with  70%  alcohol. 
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Tlie  tinctures  were  made  to  the  same  amount  on  the  Iwsis 
of  the  weii^ht  of  the  oven-dried  lot,  which  was  considerahly  less 
than  that  of  the  air-dried  sample. 

Only  two  lots  of  drug  were  availahle.  one  hein^^  the  official 
variety  digitalis  purpurea,  and  the  other  a  non-ofiicial  variety. 

The  results  of  assays  are  as  follows,  the  method  of  testing 
being  the  JM.  L.  D.  method  originally  applied  by  Houghton.^  The 
correctness  of  the  end  result  was  in  every  case  checked  by  exam- 
ining the  heart  of  the  dead  frog  to  determine  whether  death 
occurred  with  heart  in  systole — the  characteristic  ])osition  from 
digitalis  poisoning. 

These  results  coincide  with  those  previously  obtained  in  that 
the  fresh  drug  has  greater  toxicity  than  the  dried.  The  experi- 
ments also  show  that  the  high  temperature  employed  in  the  oven 
caused  a  greater  immediate  deterioration  than  the  slower  drying 
at  the  season  temperatures. 

Tablk   I. — Digitalis  Purpurea   from   a  Flower  Garden   in   Detroit. 


Not  dried, 

Oven   dried. 

S  ;  dried 

Weight. 

Dose. 

Re.sult. 

Weight.       Do.se. 

Result. 

Weight.      Dose. 

Result. 

22 

0.004 

Alive 

16.5          0.010 

.Mive 

19 

0.010 

Dead 

22 

5 

Alive 

10. 

,5          0.012 

Dead 

19 

0.012 

Dead 

22..^. 

6 

Alive 

16. 

5          0.015 

Dead 

19. 

5          0.015 

Dead 

22.5 

7 

Alive 

14 

0.020 

Dead 

20. 

5          0.018 

Dead 

23 

8 

Dead 

13. 

5          0.02."j 

Dead 

20. 

5          0.022 

Dead 

23.5 

0.0045 

Alive 

23 

0.008 

Dead 

24 

0.007 

Alive 

25 

55 

Alive 

24 

0.010 

Dead 

24.5          0.008 

Alive 

25 

65 

Alive 

24 

0.012 

Dead 

24.5          0.009 

Dead 

25 

.75 

Dead 

24 

0.014 

Dead 

25 

0.010 

Dead 

26 

0.0090 

Dead 

25 

0.016 

Dead 

26 

0.011 

Dead 

27 

0.0055 

Alive 

20 

0.006 

Alive 

22 

0.007 

Alive 

27 

65 

Alive 

20 

0.007 

Alive 

22.5          0.008 

Alive 

27.5 

75 

Alive 

21 

0.008 

Alive 

23 

0.009 

Dead 

29.5 

85 

Dead 

21 

0.009 

Alive 

24 

0.010 

Dead 

30 

0.01 

Dead 

21 

0.010 

Dead 

26 

0.011 

Alive 

27 

0.0070 

Alive 

24. 

5          0.008 

Alive 

25. 

5          0.008 

Dead 

29.5 

75 

Alive 

25 

0.009 

Dead 

25. 

5          0.009 

Dead 

29.5 

75 

Alive 

25. 

5          0.010 

Alive 

26 

0.010 

Dead 

30.5 

80 

Dead 

25. 

5          0.011 

Dead 

26 

0.011 

Dead 

33 

80 

Dead 

25. 

5         0.012 

Dead 

26 

0.012 

Dead 

0.007 

killed  none  of  2 

0.008  killed 

1   of  3 

0.008  killed 

1   of  3 

0.0075 

killed   1 

of  4 

0.009  killed 

1   of  2 

0.009  killed 

3  of  3 

0.008 

killed  3 

of  3 

0.010  killed 
O.OU   killed 
0.012   killed 

2  of  4 
1   of   1 

3  of  3 

0.010  killed 
0.011   killed 
0.012   killed 

4   of  4 
2  of  3 
2   of  2 

Activity 
H.   T.    U 

153 

100 

133 

9+ 

6 

8 

M.   L.   D 

.  .      0.008 

0.011 

0.009 

.\ctivity 

in  terms 

of 

undried    drug    . 

.  .     100% 

72 

81 

'Houghton,  /.   Am.  Med.   Assoc,   31,   959    (1898). 
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l*'urthcr  cxpcriincnts  rire  planned  to  demonstrate  wliether  the 
oven-dried  drug  is  more  stable  than  the  air-dried  sample,  hut  this 
point  could  not  he  considered,  as  not  suftkient  leaves  were  avail- 
able to  make  the  experiment  conclusive.  Such  experiments  should 
be  continued  over  a  period  oi  not  less  than  three  years. 

In  further  consideration  of  the  previously  mentioned  criti- 
cism against  the  Oregon  air-dried  leaves  it  should  be  noted  that 
the  method  of  testing  was  also  called  in  question.  On  this  point, 
while  there  is  a  wide  divergence  of  opinion  as  to  which  of  several 
methods  shows  the  real  value  of  the  drug,  there  is  quite  general 
agreement  on  the  frog  as  the  test  animal,  and  until  clinical  evi- 
dence is  brought  forward  to  negative  the  results  it  is  logical  to 
assume  that  the  death  of  the  frog  with  heart  in  systole,  or  the 
stoppage  of  the  heart  in  systole  in  one  hour,  is  a  satisfactory 
measure  of  the  activity  of  a  digitalis  preparation.  Compared  with 
the  guinea-pig  method  of  Reed  and  Vanderkleed'  and  the  Hatcher 
cat  method,'  both  of  which  are  ptirely  toxicity  methods,  the  frog 
methods  have  the  advantage  that  deaths  from  other  than  digitalis 
poisoning  are  eliminated  and  form  no  ])art  of  the  record. 


Tablk 

II 

. — Digit. 

\L1S    Le.wes 

No.N-Olv 

I'lCI.M.     K 

K(IM     A     G. 

•\RL)EN      ON     G 

ROSSE     Ile 

,    Mich. 

Not  dried. 

Oven   dried 

iTr  \  d-d- 

Weight 

Dose. 

Result. 

Weight. 

Dose. 

Result. 

Weight. 

Dose. 

Result. 

17 

0.004 

Dead 

20 

0.004 

Dead 

23.5 

0.002 

Alive 

18.5 

0.005 

Dead 

27 

0.005 

Dead 

25 

0.003 

Dead 

19.5 

0.006 

Dead 

23.5 

0.006 

Dead 

25 

0.004 

Dead 

27.5 

0.007 

Dead 

23.5 

0.007 

Dead 

25.5 

0.005 

Dead 

18 

0.0010 

Alive 

21 

0.0010 

Alive 

19.5 

0.0010 

Alive 

19 

0.0020 

Dead 

22 

0.0020 

Alive 

20 

0.0015 

Alive 

19 

0.0030 

Dead 

22.5 

0.0030 

Alive 

20.5 

0.0020 

Alive 

19 

0.0040 

Dead 

25 

0.0040 

Alive 

21.5 

0.0025 

Alive 

20 

0.0050 

Dead 

27.5 

0.0050 

Dead 

22.5 

0.0030 

Alive 

18 

0.0010 

Alive 

23 

0.0035 

Dead 

30 

0.0025 

Alive 

19.5 

0.0015 

Dead 

23 

0.0040 

Dead 

28 

0.0030 

Dead 

20.5 

0.0020 

Dead 

23 

0.0045 

Dead 

28 

0.0035 

Dead 

21 

0.0025 

Dead 

23.5 

0.0050 

Dead 

29 

0.0040 

Dead 

21 

0.0030 

Dead 

23.5 

22.5 

23 

25 

27 

27.5 

0.0060 

0.0020 
0.0025 
0.0030 
0.0033 
0.0040 

Dead 

Alive 
Alive 
Alive 
Dead 
Dead 

30 

0.0045 

Dead 

M.    L. 

D 

0.0015 

0.0035 

0.0030 

H.   T. 

U 

44 

19 

22 

%    activity     

730 

310 

370 

Activity  compared 

with 

un 

dried. .  . 

100% 

42 

50 

'Reed    and   Vanderkleed,   Am.  J.    Pliarm.,   80,    110    (1908). 
-Hatcher  and  Brody,  Ibid.,  82,  360   (1910). 
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One  may  conclude,  therefore,  that  oven  drying  has  no  advan- 
tage over  a  reasonably  rapid  air  drying  of  digitalis  leaves,  and 
that  the  drying  causes  a  marked  deterioration,  no  products  more 
highlv  toxic  than  those  present  in  the  crude  drug  having  been 
developed  during  the  process  of  drying. 


Studies   from   the   Medical   Research   Laboratories, 

Parke,   Davis  &  Co. 

Reprint  No.    196,    1919. 

(Keprintcd    from  tlie  Journal  of  Industrial  and  Engineering   Chemistry,  Vol.    II,   No.  2, 
page   139.     February.   1919.) 

AN  EFFICIENT  LABORATORY  FUNNEL  FOR  FILTERING 

NEUTRAL  LIQUIDS,  ESPECIALLY  THE 

VOLATILE  ORGANIC  SOLVENTS. 

Bv  T.  B.  Aldrich 

(From   tlie    Medical   Research    laboratories,   Parke,   Davis   &   Co.,   Detroit,   Mich.) 

Those  who  have  had  occasion  in  the  laboratory  to  collect  pre- 
cipitates suspended  in  ether,  chloroform,  acetone,  alcohol,  or 
mixtures  of  these  organic  solvents,  especially  by  forced  filtration, 
have  no  doubt  at  times  experienced  trouble  when  using  the  ordi- 
nary funnel  and  especially  the  Buchner  funnel. 

In  the  case  of  aqueous  solutions,  the  filter  paper,  after  being 
moistened  and  pressed  closely  to  the  funnel  for  the  purpose  of 
removing  bubbles  of  air  that  interfere  with  filtration,  adheres 
closely  to  the  glass  and  filtration  is  ordinarily  rapid,  while  in 
the  case  of  ether,  for  example,  the  solvent  being  volatile  passes 
away  rapidly,  and  channels  and  spaces  are  formed  between  the 
paper  and  the  funnel,  the  paper  tending  to  lift  from  the  glass. 
This  is  especially  true  when  filtration  is  interrupted  for  a  short 
time;  in  any  case  the  formation  of  channels  and  spaces  inter- 
feres with  rapid  filtration.  When  the  Buchner  funnel  is  employed 
these  tr()u])les  are  aggravated,  since  the  precipitate  and  liquid  tend 
to  creep  under  the  paper  filter,  especially  if  continuous  vacuum 
is  not  maintained,  thus  requiring  a  second  filtration. 

The  advantage  of  the  funnel  to  be  shortly  described  lies  in 
the  fact  that  the  filter  paper  is  clamped  securely  between  two 
plates  by  a  screw  thread  so  that  it  cannot  lift  even  when  the 
filtration  is  interrupted  and  thus  allow  the  formation  of  channels 
and  passages  for  the  liquid  and  precipitate  underneath.  There 
is  no  necessity  for  second  filtrations,  and  a  more  rapid  filtration 
is  also  eflFected  by  this  arrangement. 


Fio.    1 
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DESCRIPTION 


The  funnel  is  of  aluminum  and  consists  essentially  of  four 
parts  having  the  following  dimensions :  a  cast  hollow  cylinder 
approximately  4  in.  high,  3^  in.  in  diameter,  walls  %  in.  thick, 
with  a  small  flange  at  the  top  and  a  heavier  one  at  the  bottom, 
both  being  on  the  outside;  a  plate  'I/IG  in.  thick,  perforated  with 
1/32  in.  holes  (^  in.  center  to  center)  extending  to  within  % 
in.  of  the  circumference;  a  ring  D/KJ  in.  wide  and  ys  in-  thick, 
threaded  on  the  inside  and  milled  on  tlie  outside,  having  a  shoul- 


der (or  offset)  on  the  upper  inside  which  engages  the  lower 
u|)i)er  surface  of  the  lower  shoulder  of  the  cylinder,  this  latter  pre- 
venting the  ring  from  passing  over  the  lower  end  of  the  cylinder ; 
a  cone-shaped  lower  portion  with  stem  having  also  a  flange  at 
the  top  54  in.  thick  and  threaded  on  the  outside  so  as  to  mesh 
with  the  threads  on  the  inside  of  the  ring. 
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The  lower  flani,'e  of  the  cyhnder.  the  i)late,  and  the  top  of 
the  flange  of  the  cone  have  approximately  the  same  outside  diam- 
eter, as  must  also  the  gasket  and  tilter  paper  to  be  used.  The 
upper  flange  on  the  cylinder  is  not  essential,  except  for  strength- 
ening the  same ;  but  tlie  lower  is  essential  as  a  shoulder  of  resist- 
ance for  the  ring  when  the  cylinder,  plate,  cone,  gasket,  and 
paper  are  pressed  together,  by  meshing  the  ring  with  the  cone. 

In  preparing  the  funnel  for  filtering  it  is  only  necessary  to 
have  the  lower  flange  of  the  cylinder,  the  filter  paper  (placed 
on  top  of  the  plate),  the  perforated  plate,  the  gasket  (placed 
between  the  flanges  of  the  cone  and  ])late),  and  the  flange  of 
the  cone  flush  with  one  another,  pass  the  ring  with  flange  or 
shoulder  uppermost  over  the  top  of  the  cone,  screwing  as  tight 
as  necessary  to  secure  a  perfect  joint.  A  key  made  of  hard  wood 
and  carrying  two  slots  which  engage  two  ofifsets  shown  in  the 
drawing  and  plate,  opposite  each  other  on  the  lower  part  of  the 
cone,  facilitates  the  operation  of  tightening  and  loosening  the 
parts. 

Another  smaller  funnel  having  approximately  the  dimensions 
2}i  in.  X  ly^  in.  but  in  which  the  perforated  plate  is  not  separate 
but  a  part  of  the  cone,  has  the  advantage  that  the  rubber  gasket 
is  eliminated.  In  this  funnel  the  perforated  plate  is  depressed 
1/16  in.  below  the  upper  edge  of  the  cone  flange  and  brazed  in. 
Here  it  is  only  necessary  to  place  the  filter  paper  on  the  top  of 
the  perforated  plate  and  screw  the  ring  over  the  cone. 
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Studies  from   the  Medical   Research   Laboratories, 

Parke,  Davis  &  Co. 

Reprint   No.    197,    1919. 

(Kepriiiltrd    from    the   Journal   of   Ihc    American   Chemical   Society,    Vol.    XLI.      No.    2. 

February,  1919.) 

STUDIES  ON  PEPSIN.     I.    CHEMICAL  CHANGES  IN  THE 
PURIFICATION  OF  PEPSIN. 

By  Li: wis  Davis  and  Harvey  M.  Merker. 

(From  the  Medical   Research   Laboratories,   and  the   Department  of   Glandular   Extracts, 

Parke,   Davis  &   Co.) 

The  question  of  the  chemical  composition  of  pepsin  has  occu- 
pied the  attention  of  a  number  of  investigators.  Following  the 
classical  researches  of  Pawlow-  and  his  pupils.  Pekelharing^ 
appears  to  have  been  the  first  to  undertake  purification  of  the 
enzyme.  This  investigator  prepared  a  light  yellow  powder  which, 
while  readily  soluble  in  dilute  acids  and  sodium  chloride  solu- 
tion, dissolved  with  difficulty  in  water  but  showed  strong  peptic 
activity.  It  gave  reactions  for  albumin,  but  was  believed  to  con- 
tain a  soluble  phosphorus  compound  as  an  impurity.  On  boiling 
pepsin  solutions,  Pekelharing  obtained  a  nucleoproteid  and  was 
able,  under  certain  conditions,  to  separate  an  albumose. 

Nencki  and  Sieber,*  using  as  initial  material  juice  obtained 
through  gastric  fistula  in  dogs,  claim  to  have  secured  an  active 
pepsin  preparation  through  precipitation  which  is  free  from 
albumin.  At  the  same  time,  they  consider  the  precipitate  of 
transparent  granules  containing  chlorine  which  they  obtained  by 
strongly  cooling  the  gastric  juice  to  be  a  chemical  individual, 
and,  in  all  probability,  the  true  enzyme.  They  also  submit  anal- 
yses to  support  their  contentions.  Pekelharing,^  in  a  later  investi- 
gation, in  which  he  employed  the  artificial  gastric  juices  extracted 
from  several  hundred  hog  stomachs  by  his  previous  method, 
and  also  the  juice  obtained  from  gastric  fistula  in  dogs,  disproved 
this   view.     He   found   pepsin  to   be   free    from   phosphorus   and 


'Read    before    the    Biological     Section    of    the    xVmerican    Chemical    Society    at    the 
Cleveland  meeting,  September  12,  1918. 

-Pawlow,   Ceiitr.  Physiol.,   1888;  Ergehnisse  Physiol.,   1902,   i,   Part   I,   246. 
='Pekelharing,   Z.  physiol.  Chem..  22,  233   (1897). 
^Nencki   and   Sieber,  Ibid.,  23,   291    (1901). 
^Pekelharing,  Ihid.,  3.5,  8   (1902). 
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to  contain  no  nucleoproteicl.  but  the  analyses  of  his  preparations 
showed  no  constancy  in  results. 

That  a  protein- free  pepsin  solution  having  digestive  action 
is  possible,  has  also  been  maintained  by  Schrumpf.®  The  latter 
prepared  a  Biichner-pressed  extract  of  hog  stomachs,  clarified 
by  filtration,  and  dialyzed  against  running  water.  The  dialysate 
thus  obtained  was  precipitated  by  addition  of  cholesterin  in 
alcohol-ether  solution,  filtered,  the  precipitate  redissolved  in 
water,  and  the  suspension  finally  clarified  by  a  Kitasato  candle. 
The  clear  filtrate,  while  giving  none  of  the  protein  reactions,  still 
showed  powerful   digestive  activity. 

The  amino-acid  constituents  of  pepsin  have  been  investigated 
by  Hugounenq  and  MoreP  using  an  autodigesled  hydrochloric 
extract  of  hog  stomachs.  They  conclude  that  an  extract  of  pep- 
sin contains  a  number  of  nionoamino-acids  in  the  free  state,  ])r()l)- 
ably  formed  in  the  autodigestion.  Glycocoll,  aspartic  and  gluta- 
minic  acids,  and  also  histidin,  they  found  to  be  absent  in  the 
material  examined. 

It  is  thus  readily  ap])arent  tliat,  as  with  other  enzymes, 
the  chemical  nature  of  pepsin  is  still  an  open  question.  Nearly 
all  of  the  above  investigators  have  based  their  conclusions  on 
crude  preparations,  undoubtedly  containing  admixed  or  combined 
impurities.  Seemingly  no  attempt  has  been  made  to  prove,  by 
quantitative  measurements  of  the  proteolytic  activity,  that  an 
actual  ])urification  has  taken  place  where  such  is  mentioned. 
The  present  investigation  was  undertaken  by  us  to  determine 
what  changes  take  place  in  the  purification  of  pepsin,  with  the 
view  of  possibly  throwing  some  light  on  the  chemical  nature  of 
the  enzyme. 

EXPERIMENTAL  PROCEDURE. 

Methods. — As  basic  material  for  purification,  a  composite 
lot  (consisting  of  a  number  of  dififerent  samples)  of  1  :2000 
commercial  pepsin  was  employed.  Sufificient  stock  of  this  mix- 
ture was  reserved  to  jjermit  the  preparation  of  all  of  the  various 
strengths  of  the  enzyme  given  below.  The  weaker  samples  (up 
to  1  :1S000)  were  prepared  by  fractional  precipitation  of  a  20% 
aqueous  solution,  wdnile  the  more  active  strengths  were  obtained 


•Schrumpf.   Bettr.   Hofm.,  6,  396   (1905). 

'Hugounenq  and    Morel,   Compt.   rend.,   147,  212    (1908). 
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by  salting  out  the  farmer,  filtering  and  dialyzing.  Tn  each  case, 
the  final  ]>urifie(l  material  was  dried  to  a  constant  moisture  con- 
tent of  about  .")^r  and  scaled.  Assays  for  prt)teolytic  power  were 
then  carried  through  and   the  samples  analyzed  chemically. 

Determination  of  the  proteolytic  strength  of  the  dififerent 
samples,  made  in  association  with  our  colleagues,  L.  M.  Gerdes 
and  W.  L.  Seihert.  was  in  accordance  with  the  method  given 
in  the  i'th  revision  of  the  U.  S.  Pharmacopoeia.-  The  assays 
were  checked  in  each  case,  and  controlled  by  running  through 
a  standard  ( 1  :;)()()() )  pe])sin  under  identical  conditions. 

The  chemical  examination  included  analyses  of  total  mineral 
matter,  total  nitrogen,  total  sulfur  by  the  method  of  Wolf  and 
Osterberg,'^  volumetric  estimation,  in  the  ash,  of  phosphoric  acid 
as  P2O,-,,*  chlorides  as  NaCl,^  calcium  as  CaO;  also,  determina- 
tion of  nitrogen  existing  in  coagulable  protein,  proteoses  by  zinc 
sulfate  precipitation,"  peptones  by  Bigelow  and  Cook's^  modifi- 
cation of  Sjerning's  method,  and  amino-acids  according  to  Van 
Slyke.^  In  addition,  observations  were  made  in  a  2%  aqueous 
solution  of  optical  rotation,  and  of  the  hydrogen-ion  concentra- 
tion. The  direct  reading  ionometer  described  by  Bartell'*  was 
used  in  the  latter,  with  a  Weston  Standard  Cell,  and  the  chain: 
Calomel  electrode  (N  KCl) — saturated  KCl— pepsin  solution — 
Ft  electrode — H2  at  23°.  The  complete  "set  up"  employed  was 
similar  to  that  used  by  Davis*  in  a  previous  investigation  of 
diphtheria  toxin. 

Supplementing  the  preceding,  qualitative  tests  were  carried 
out  in  accordance  with  the  technique  employed  by  one  of  us, 
Davis,'  with  peptone  samples.  Both  a  straight  2%  aqueous 
solution  and  the  filtrate,  after  coagulating  the  protein,  were  used, 
and  examination  made  for:  tyrosin  (xanthoproteic,  Millon's 
reaction)  tryptophane  (Adamkiewicz  Hopkins-Cole  reagent), 
glycoprotein  and  glycoproteose    (Molisch  reagent).     Tests  were 


^"Pharmacopoeia  of  the  United  States,"  1916,  p.  312,  9th  Rev..  P.  Blakiston's 
Son  &  Co. 

'Wolf  and    Osterberg,  Biochem.  Z.,  29,  429   (1910). 

♦••Methods  of  Analysis,  A.  O.  A.  C,"  U.  S.  Dept.  Agr.,  Bur.  Chem.,  Rev.  Bull. 
107.   4    fl912). 

'*  Standard   Methods  of  Water  Analysis,"  Am.  Pub.   Health  Ass'n,   1917,   p.   4. 

•Homer,  Z.  anal  Chem.,  :>,   .562    0895). 

'Bigelow  and   Cook,  /.  A.   Chem.  Soc.,   .38.   1496    (VJiHi). 

'Van   Slyke,  /.   Biol.   Chem..   16,   121    091.3). 

'Bartell,  J.  A.  Chem.  Soc..  .30.  630  0917). 

'Davis,   /.  Lab.  Clin.   Med.,   3,   3.58    (1918). 

•Davis.   Ibid.,  3.   7.')    0917). 
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also  iiKule  on  the  tiltrate  from  coagulable  protein,  for  proteoses 
(by  addition  of  saturated  zinc  sulfate,  ammonium  sulfate,  picric 
acid  solutions),  and  protoproteoses  (by  saturated  sodium  chloride 
solution,  potassium  ferrocyanide  in  acetic  acid  solution). 

Results. — Altogether,  nine  purified  products  were  prepared. 
Including  the  basic  pepsin  material,  the  various  proteolytic 
strengths  of  the  enzyme  which  were  examined  ranged  from 
1:2000  to  1:40,000  (U.  S.  P.  IX).  The  resuUs  given  in  the 
acconi])anying  Tables  T  and  II  are,  in  every  case,  leased  on  (hipli- 
cate  determinations  and,  because  of  possible  variation  in  the 
U.  S.  P.  pepsin  assay,  these  estimations  were  carried  out  in 
triplicate  by  two  different  observers. 

As  may  be  noted  from  Table  I,  the  purification  of  pepsin  is 
accompanied  by  a  general  decrease  in  the  total  mineral  matter. 
This  ranges  from  an  ash  content  of  nearly  5.5%  in  the  case  of  the 
basic  (1:2000)  product  down  to  about  2%  with  the  highest  pro- 
teolytic strengths  obtained.  The  phosphoric  acid  content,  also, 
shows  a  gradual  decrease  so  that  the  value  at  1 :40,000  is  less  than 
one-third  that  of  the  basic  material.  Both  the  calcium  oxide  and 
total  sulfur  values  fluctuate  in  the  different  strengths  but  both  show 
an  increase  in  the  purified  as  compared  with  the  unpurified  sam- 
ples. It  is  a  significant  fact  that  the  chlorides,  which  are  present  to 
the  extent  of  1.19%  (as  NaCl)  in  the  1:2000  sample,  practically 
disappear  as  a  result  of  purification. 

Probably  the  most  important  data  are  furnished  by  the  various 
nitrogen  factors.  |)articularly  the  nitrogen  in  amino-acid  condition. 
Confirming  more  elaborately  the  results  found  by  Aldrich.^  there 
is  found  to  be  almost  a  uniform  decrease  in  a-amino-acid  nitrogen 
so  that  in  the  sample  testing  1 :40,000  only  0.61%  is  found.  Cor- 
roborating these  results,  it  will  be  noted  from  the  table  that  there 
are  steady  increases  in  both  the  coagulable  protein  nitrogen  and 
that  existing  as  proteoses,  while  the  peptone  nitrogen  like  that  of 
the  amino-acids  shows  a  decrease.  The  values  for  total  nitrogen 
showed  decided  variations  among  the  different  samples,  with  no 
significant  change  as  the  purification  increased. 

All  of  the  different  strengths  of  the  pepsin  examined  show 
levorotation  in  very  nearly  the  same  degree,  so  that  this  factor  is 
apparently  unaltered  as  a  result  of  purification.     With  the  excep- 


'Aldrich,  /.  Biol.   CItem.,   23,   339    (1915). 
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tion  of  the  stron<!^est  sample  obtained  (1:10,000)  a  slight  amount 
of  hydrochloric  acid  was  used  in  the  preparation  of  the  other 
strengths  of  the  pepsin.  As  a  consequence,  2%  aqueous  solutions 
of  these  samples  show  relatively  high  hydrogen-ion  concentration. 
However,  the  reaction  of  1  :40,00()  sample,  which  is  the  nearest  ap- 
proach to  the  pure  enzyme,  is  very  nearly  neutral  (  rh+ =  0.0 
X10~').  This  would  tend  to  disprove  the  view  held  by  Jacoby- 
and  others  that  pepsin  is  an  acid. 

Consideration  of  the  data  presented  in  Table  II  shows  that  the 
results  corroborate,  in  a  general  way,  the  analytical  data  already 
discussed.  Xo  tests  were  made  on  the  straight  j^epsin  solutions 
with  saturated  picric  acid,  sodium  chloride  and  ammonium  sulfate 
solutions,  and  also  none  with  jx)tassium  ferrocyanide  in 
acetic  acid  solution,  since  the  results  with  all  of  these  reagents, 
because  of  coagulable  protein,  would  be  positive,  and  practically  the 
same  for  the  different  strengths.  Contirming  the  results  given  in 
Table  I,  the  saturated  picric  acid,  Hopkins-Cole,  and  Millon's  re- 
agent tests,  made  of  the  filtrate  after  removal  of  coagulable  pro- 
tein, show  ])resence  of  amino-acid  and  peptid  bodies  in  the  lower 
strength  samples.  These  gradually  disappear  so  that  only  traces 
are  found  in  the  highest  strength  sam]:)le  of  the  enzyme.  Both 
saturated  sodium  chloride  solution  and  ])otassium  ferrocyanide  in 
acetic  acid  solution  gave  negative  results,  indicating  absence  of 
protoproteoses  in  the  filtrate  from  coagulable  protein.  A  positive 
reaction  was  obtained  in  every  case  with  Molisch  reagent  showing 
presence  of  glycoprotein,  or  its  derivatives,  in  the  material.  It  is 
significant  that  the  biuret  test  of  the  filtrate  after  coagulation  of 
protein  in  the  1 :40,000  sample  is  negative.  This  would  indicate 
that  practically  all  of  the  protein  material  is  of  the  nature  of 
coagulable  protein  or  even  more  complex  in  its  protein  character. 


DISCUSSION 

A  review  of  the  data  presented  in  the  foregoing  seems  to  show 
that  in  the  purification  of  jjepsin  there  is  a  gradual  elimination 
of  the  secondary  protein  derivatives,  including  amino-acids.  This 
is  manifested  by  a  constant  tendency  in  the  purified  samples  to  ap- 


-Jacoby,  Biochcm.  Z.,  i,  471    (1907). 
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proach  nearer  to  the  actual  character  of  jiroteins  with  increasing 
proteolytic  acti\ity.  accompanied  by  an  increase  in  material 
coagulable  by  heat,  l-'rom  the  fact  that  the  highest  strength 
samples  still  give  strt)ng  tests  with  Alolisch  reagent,  it  may  be 
possible  that  the  pure  enzyme  is  a  conjugated  protein,  probably 
a  glycoprotein. 

Confirming  this  view,  the  mineral  matter  is  decidedly  less  in 
the  purified  samples  than  in  the  original  basic  material,  approach- 
ing almost  to  the  value  for  ])ure  ])roteins  in  the  case  of  the  strong- 
est samples.  Both  sulfur  and  calcium  are  probably  unaffected  by 
the  purification,  but  there  is  a  decided  decrease  in  the  phosphorus 
content  and  seemingly  a  total  elimination  of  chlorides.  Other 
than  the  increase  which  would  obtain  by  removal  of  non-nitrogen- 
ous impurities,  there  is  probably  not  much  change  in  the  content 
of  total  nitrogen  as  a  result  of  pepsin  ])urification. 

The  manner  in  which  the  a-amino-acids  decrease  as  the  proteo- 
lytic activity  increases  !s  striking,  and  seems  to  be  almost  propor- 
tional in  amount.  It  is  noteworthy  that  the  small  amotmt  of 
fl-amino-acid  present  in  the  sam])le  testing  I  :40,000  (0.61%)  very 
nearly  approaches  the  value  for  this  factor  due  to  lysin  as  found 
present  by  Van  Slyke  and  Rirchard^  in  most  proteins  analyzed  by 
the  nitrous  acid  method. 

Results  of  optical  activity  determinations  are  apparently  of 
no  significance,  since  the  same  values  are  obtained  with  several 
different  strengths  of  pepsin.  As  already  mentioned  above,  the 
reaction  in  aqueous  solution  of  the  strongest  (1:40,000)  pepsin 
is  significant  because  of  its  very  slight  acidity.  It  would  seem  very 
likely  that  the  concentration  of  hydrogen-ions  in  solutions  of  the 
pure  enzyme,  when  isolated,  will  probably  show  only  the  slight 
acidity  comparable  to  that  given  by  other  proteins. 

In  connection  with  the  assays  of  proteolytic  strength  by  the 
U.  S.  P.  method,  it  was  deemed  of  interest  to  make  a  comparison 
of  the  rennetic  power  of  the  different  samples.  It  is  a  signifi- 
cant fact  that  throughout  the  entire  series,  from  1  :2000  to 
1 :40,000,  the  rennetic  activity  and  proteolytic  strengths  are  found 
to  go  hand  in  hand.  This  is  being  investigated,  and  will  be  re- 
ported upon  in  a  later  pa]>er.  ^ 


'Van   Slyke  an^i   Birchard,  J.   Biol.   Chein.,  16.   .539   (1914). 
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coxci.rsioxs 

1.  The  purification  of  pepsin  seems  to  consist  in  the  elimina- 
tion of  secondary  protein  derivatives,  including  a-amino-acids. 

2.  Calcium  and  sulfur  appear  to  be  imaltered  as  a  result  of 
purification,  but  phosphorus  is  materially  reduced.  Chlorides  are 
seemingly  entirely  removed. 

3.  Aqueous  solutions  of  pepsin,  after  purification,  show  no  ma- 
terial change  in  optical  activity.  A  sample  of  high  digestive  power 
(1:40,000)  shows  a  reaction  very  nearly  neutral. 

4.  Pepsin  tends  to  approach  nearer  to  the  actual  character  of 
a  protein  (possibly  a  glycoprotein)  with  increasing  proteolytic  ac- 
tivity. 
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THE  PRESENT  STATUS  OF  SPECIFIC  TREATMENT 
FOR  CONTAGIOUS  ABORTION. 

H.  Preston  Hoskixs,  \'.  M.  D. 

(From  the  Medical  Research  Laboratories  of  I'arke,  Davis  &  Co.,  Detroit,   Mich.) 

It  is  now  over  twenty  years  since  Bang^  announced  the  dis- 
covery of  the  causative  organism  of  contagious  abortion  of  cattle. 
The  identity  of  the  organism  responsible  for  the  same  disease  in 
this  country,  with  that  of  the  European  organism,  was  estab- 
lished by  MacNeal  and  Kerr'-,  in  Illinois,  in  1910.  These  dis 
coveries  stimulated  many  investigators  to  attack  the  problem  of 
finding  some  remedy  or  agent  for  the  prevention  or  cure  of  the 
disease.  Naturally  the  search  for  such  an  agent  was  in  two 
directions,  viz.,  medicinal  and  biologic.  This  paper  will  deal  only 
with  the  latter,  although  it  might  be  stated,  in  passing,  that  up 
to  the  present  time  anything  in  the  way  of  a  chemo-theraj^eutic 
agent  of  real  merit  is  much  of  the  nature  of  a  chimera. 

The  fact  that  the  behavior  of  contagious  abortion  in  a  given 
herd,  when  not  interfered  with  by  hand  of  man,  suggests  that 
a  rather  high  degree  of  imimunity  is  established  after  a  succession 
of  abortions,  has  led  to  experiments  to  produce  such  an  immunity 
artificially.  The  agents  used  have  been  products  prepared  from 
cultures  of  the  abortion  organism,  almost  without  exception. 
Most  of  the  work  on  which  reports  are  available  has  been  done 
with  killed  culture  of  B.  abortus,  so-called  abortion  bacterins  and 
vaccines. 

Various  methods  have  been  used  in  the  preparation  of  these 
vaccines.  The  dosages  recommended  by  the  purveyors  of  these 
products  show  extreme  variations,  from  what  appears  to  be  a 
rather  low  dosage  to  what  is  considered  a  high  dosage  ( from 
85  billion  to  1000  billion  organisms).     The  number  of  injections 
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advised  is  equally  inconsistent,  some  advocating  three,  some  lour, 
and  some  six  treatments.  The  intervals  between  injections  show 
the  same  wide  variatic^is.  In  fact,  the  practitioner  can  at  present 
choose  just  about  what  he  wants  to  suit  his  own  convenience  in 
the  matter,  or  his  jireterences,  if  he  has  any.  If  he  has  to  take 
into  consideration  the  size  of  his  bill,  or  his  client's  ])ocketbook. 
he  can  select  anything  from  a  course  of  treatment  costing  75 
cents  to  one  costing  $2.00  per  animal.  To  the  best  of  our  knowl- 
edge there  is  no  publication  available  which  gives  directions  for 
varying  th.e  dosage  or  the  intervals  between  injections  to  meet 
local  tir  individual  conditions.  b\u"ther,  it  might  very  prop- 
erh'  be  argued  that  the  very  reason  why  there  is  such  a  wide 
variation  in  the  matter  of  recommended  dosages  is  because  none 
of  the  dosages  employed  has  given  uniformly  good  results. 

At  the  recent  meeting  of  the  United  States  Live  Stock  Sani- 
tary Association,  held  in  Chicago  in  December,  Dr.  Williams  very 
severely  criticized  certain  biological  manufacturers  for  continuing 
to  market  contagious  abortion  vaccines,  in  the  face  of  the  prac- 
tical unanimity  of  opinion  of  competnet  authorities  to  the  effect 
that  such  products  were  just  about  worthless.  "No-cure-no- 
])ay"  propositions  of  various  concerns  came  in  for  their  share  of 
censure  at  the  hands  of  Dr.  Williams,  as  well  as  the  misleading  ad- 
vertisements of  others.  A  great  deal  of  credit  was  and  should 
be  given  Dr.  Williams  for  his  courage  in  taking  the  stand  he  did. 
The  evidence  available  certainly  justifies  his  attitude. 

For  the  purpose  of  getting  the  consensus  of  expressed  opinion 
of  various  authorities  on  the  value  of  contagious  abortion  vac- 
cines, the  writer  has  examined  all  recent  reports  and  publications 
available.  Care  has  been  used  to  select  only  the  most  recent  of 
these  papers  and  reports  for  abstracting  opinion,  so  that  the 
resume  can  be  said  to  consist  only  of  the  very  latest  and  up-to- 
date  ideas  on  the  subject.  Besides  this  evidence,  an  opportunity 
has  been  afforded  to  examine  a  large  number  of  reports  on  the 
use  of  contagious  abortion  vaccine  experimentally.  Many  of 
these  reports  are  valueless  from  a  truly  scientific  standpoint, 
owing  to  the  lack  of  care  used  in  keeping  accurate  records  and 
making  final  reports. 

It  is  only  fair  to  state  that  in  quite  a  number  of  cases  the 
outcome  of  the  treatment  was  reported  as  "favorable"  or  "satis- 
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factory,"  in  the  judgment  of  the  owner  or  the  attendinjrr  veter- 
inarian. Except  in  rare  cases,  no  cows  were  left  tnitreated  as 
controls  in  the  experiments  reported.  Equally  rare  was  a  com- 
plete herd  history.  In  many  instances  all  the  animals  in  certain 
herds  were  treated  alike,  virgin  heifers,  heifers  in  calf  for  the 
tirst  time,  mature  cows,  suspected  ahorters,  known  ahorters,  non- 
hreeders,  etc.  Even  under  the  hest  of  conditions  it  is  not  often 
possible  to  get  complete  data  upon  which  to  hase  a  fair  estimate 
of  the  results  of  the  treatment.     Such  cases  do  occur,  however. 

To  show  how  easy  it  is  for  one  to  he  led  to  believe  he  is  getting 
desired  results  from  a  certain  treatment,  an  instance  will  be  cited 
which  is  illustrative,  and  at  the  same  time  rather  amusing.  A 
veterinarian  wrote  in  to  obtain  some  contagious  abortion  vaccine. 
The  requisite  number  of  treatments  of  our  experimental  product 
was  forwarded.  The  vaccine  was  for  bovines  and  so  labeled.  In 
due  course  of  time  a  report  on  the  outcome  of  the  treatment  was 
solicited.  We  were  informed  that  the  vaccine  had  been  used  on 
eleven  mares,  no  abortions  followed,  and  naturally  the  vaccine 
received  credit  for  100%  success.  Although  this  might  be  used 
as  an  example  of  non-si)ecific  therapy,  we  rather  incline  to  the 
belief  that  it  was  a  case  where  nature  was  not  given  the  credit 
due  her,  but  was  overlooked  because  the  vaccine  had  been  used. 
Salt  solution  would  probably  have  been  just  as  efficacious  in  this 
])articular  case. 

Some  veterinarians  deserve  to  be  censured  for  the  attitude 
they  take  on  this  question.  Fortunately,  known  cases  such  as  the 
following  are  few,  but  they  do  exist  nevertheless,  and  should  be 
frowned  upon  whenever  encountered,  certainly  not  encouraged. 
Dr.  A.  is  asked  to  advise  a  client  how  to  proceed  to  rid  his  herd 
of  contagious  abortion.  He  elicits  from  liis  client  the  information 
that  the  di.'-ease  has  existed  in  the  herd  for  a  year  or  more.  Dr.  A. 
has  used  contagious  abortion  vaccines  in  several  herds  with  ques- 
tionable results.  At  the  same  time  he  is  aware  of  the  irregular 
results  reported  by  fellow  practitioners.  However,  he  advises  his 
client  that  vaccination  is  indicated.  When  asked  why  he  adopted 
this  course,  his  explanation  is  somewhat,  as  follows : 

"Well,  in  the  first  place,  1  had  to  recommend  something. 
From  the  history  of  the  herd,  I  was  of  the  opinion  that  the  worst 
was  over,  and  that  probably  there  would  not  be  many  more  abor- 
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tions.  1  did  not  advise  vaccination  liccause  I  thought  vaccine 
would  clean  up  the  herd.  Between  you  and  nic,  I  don't  believe 
the  stuff  is  any  good,  anyhow.  But  1  knew  that  if  1  did  not  vac- 
cinate that  man's  herd.  Hr.  ]\.  woidd,  and  there  ymi  are.  I  had 
to  do  something."' 

Manufacturers  have  been  accused  of  making  false  claims  for 
contagious  abortion  vaccines,  thereby  creating  a  demand  for 
them.  and.  having  created  this  demand,  they  feel  fidly  justified 
in  meeting  it.  very  much  for  the  same  reason  that  Dr.  .\.  treated 
his  client's  herd.  Manufacturer  X  says  that  if  he  does  not  sell 
Dr.  A.  contagious  abortion  vaccine,  his  competitor  will.  In  the 
case  of  this  particular  product  it  cannot  be  said  that  the  demand 
comes  as  a  result  of  the  pubHcation  of  work  indicating  that  the 
product  is  valuable  or  has  merit.  At  the  present  time  the  line  is 
])retty  sharply  defined  between  those  who  publicly  support  the 
vaccine  method  of  treatment  and  those  who  do  not.  On  the 
one  side  we  have  those  whose  vision  is  dimmed  by  commercialism, 
while,  on  the  other,  we  have  men  who  have  spent  years  m  in- 
vestigating and  observing,  and  are  in  position  to  give  opinions 
that  are  free  from  bias  and  prejudice.  These  opinions  are  nu- 
merous and  come  from  some  of  the  verv  best  men  in  the  veterinarv 
profession  today. 

There  are  a  number  of  points  that  must  not  he  lost  sight  of. 
if  we  wish  to  give  a  fair  interpretation  of  the  results  obtained  fol- 
lowing the  use  of  contagious  abortion  vaccine. 

1.  In  the  great  majority  of  cases  the  vaccine  is  resorted  to 
only  in  the  declining  phase  of  the  trouble  in  a  given  herd. 

2.  Abortion  disease  is  frequently  a  complicated  pathological 
condition,  and  the  number  of  abortions  in  a  herd  does  not  always 
tell  the  whole  story. 

3.  Undoubtedly  there  are  local  conditions  which  play  a 
prominent  part  in  lessening  or  increasing  the  severity  of  the  dis- 
ease, regardless  of  artificial  interference,  and  for  this  reason  it 
is  difficult  to  evaluate  properly  the  results  obtained  by  our  present 
hit-or-miss,  go-as-you-please  methods. 

Some  rather  questionable  statements  are  found  in  the  adver- 
tising matter  distributed  by  certain  laboratories.  Frequently 
such  statements  are  not  accompanied  by  any  experimental  data 
to  substantiate  them,   nor  anv  references  to   such   data.     As  an 
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example,  we  will  (|U()tc  a  i)araj4raph  Iroiu  a  circular  on  the  sub- 
ject of  anti-abortion  vaccine,  viz:  "The  British  commission  re- 
ported that  in  instances  where  li\e  cultures  were  used,  the  results 
were  successful,  but  were  of  little  or  no  a\ail  if  cultures  were 
heated.  Anti-abortit)n  vaccine  is  ])rc])arc(l  from  a  lar_<(e  num- 
ber of  strains  of  the  bacillus  of  infectious  abortion,  isolated  from 
widely  scattered  sections  of  America,  '/'lie  orga)iisnts  arc  killed 
■:>.'ifli()iit  the  aid  of  heat.  :^'hieh  makes  them  f^raetieally  as  bene- 
ficial in  producimj  immioiity  as  thomih  lix'e  cultures  icerc  used." 
I  seriously  question  this  statement. 

Reference  has  been  made  to  the  o])inions  exi)ressed  by  com- 
])etent  authorities  on  the  value  of  vaccines.  The  annual  report 
of  the  State  Veterinarian  of  Nebraska'',  for  the  year  1!)18,  con- 
tains the  following-  i^eneral  statement  concerniui^  contagious  abor- 
tion and  sterility,  and  the  remarks  on  vaccine  treatment  are  illus- 
trative of  the  present  trend  of  opinion : 

"'ilie  way  to  g^uard  against  the  disease  is  by  prevention  and 
sanitation.  Be  careful  when  buying  new  animals  to  be  ])laced 
in  the  herd.  There  are  no  drugs  which  are  of  any  value  in  the 
treatment  of  this  disease  except  antiseptics.  Carbolic  acid, 
methylene  blue,  and  some  other  drugs,  which  some  claim  have 
proven  useful,  are,  in  fact,  of  no  value  whatever.  Anti-abortion 
bacterins  have  been  ])ut  on  the  market  and  are  being  advertised 
extensively,  but  the  manufacturers  have  as  yet  not  been  able  to 
prove  their  value.  Exce])ting  the  claims  made  by  the  biological 
houses,  which  they  seem  to  be  neither  able  nor  willing  to  sub- 
stantiate, there  is  no  evidence  whatever  to  prove  that  anti-abor- 
tion bacterins  are  worth  anything.  The  best  that  can  be  said 
about  them  is  that  they  are  still  in  the  experimental  stage.  This 
does  not  mean  that  they  will  never  be  perfected  to  a  higher  degree 
of  usefulness,  such  as  other  biological  ])reparations  have  been 
developed,  but  until  such  time  it  would  be  folly  to  depend  on 
their  use  in  the  prevention  of  the  disease,  and  it  w^juld  be  money 
wasted  to  buy  them." 

A  recent  Indletin  from  the  North  Dakota  Agricultural  Experi- 
ment Station^  on  the  subject  of  abortion  disease  in  cattle,  con- 
tains the  following  ]:)aragra])h : 

"The  fact  that  after  abortion  a  certain  degree  of  immunity 
is  apparently  established,  combined  with  the  success  acquired 
through  artificial  immunity  in  a  series  of   other  diseases,   is   re- 
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sponsible  for  various  attempts  to  control  abortion  disease  by 
rendering  tbe  animals  refractory  to  it  by  similar  metbods.  In 
this  country  very  little  work  has  been  done  in  this  direction,  partly, 
no  doubt,  because  until  the  last  few  years  the  seriousness  of  the 
disease  was  not  generally  recognized.  A  far  greater  alacrity, 
however,  was  exhibited  by  the  commercial  interests  who  for  some 
time  already  had  flooded  the  market  with  a  great  number  of  so- 
called  bacterins  or  supposed  immunizing  agents,  claimed  to  have 
a  great  value  in  the  prevention  of  a  considerable  assortment  of 
diseases.  The  opportunity  offered  by  the  now  well-advertised 
abortion  disease  was  not  wasted  by  those  interests,  and  bacterins 
are  now  on  sale,  accompanied  by  even  more  or  less  spurious 
'guarantees.'  Those  and  similar  bacterins  consist  of  suspensions 
of  killed  bacteria  and  hence  they  are  probably  entirely  harmless. 
Their  usefulness  may,  however,  he  questioned  in  the  absence  of 
well-controlled  experiments  and  observations." 

McFadyean  and  Stockman'',  in  commenting  upon  the  results 
of  experiments  with  "bacterin"  treatment,  state  that  the  influ- 
ence of  the  killed  cultures  was  practically  negligible,  and  their 
pubhshed  data  certainly  bear  out  this  conclusion. 

In  a  paper  by  Drs.  Adolph  Eichhorn  and  George  M.  Potter", 
read  before  the  American  Veterinary  Medical  Association,  in 
this  city,  August  22,  191 C,  and  published  in  the  Journal  of  the 
Association,  the  following  reference  is  made  to  the  use  of  bac- 
terins : 

"Immunization  with  abortion  bacterins  is  now  being  widely 
advocated  by  manufacturers  of  these  products.  The  results  ob- 
tained do  not  warrant  the  confidence  which  is  expressed  in  the 
literature  and  advertising  matter.  Considerable  experimental 
work  has  been  conducted  by  the  Bureau  of  Animal  Industry  on 
the  effectiveness  of  bacterin  treatment,  and,  while  the  results  were 
somewhat  encouraging,  nevertheless  generally  good  results  can- 
not be  claimed  for  such  a  procedure.  In  view  of  our  findings, 
and  also  those  of  other  investigators,  the  claims  for  the  bacterins 
are  unwarranted,  and  will  not  serve  any  good  purpose  in  the 
control  of  the  disease.  V'eterinarians  will  be  prone  to  accept  the 
statements  made  by  the  manufacturers  at  their  full  value,  and 
possibly  disregard  other  effective  means  by  which  the  disease  might 
be  combated.  It  is  possible  that  furtlier  investigations  will  es- 
tablish a  more  effective  method  of  immunization,  but  at  present 
the  bacterin  treatment  should  be  regarded  as  second  in  importance 
to  proper  sanitation." 
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Speaking  from  the  standpoint  of  a  practitioner,  Dr.  Cotton^ 
states  as  follows : 

"Until  we  have  something  more  positive  in  the  line  of  im- 
munization by  vaccination,  I  am  of  the  opinion  that  we.  as  prac- 
titioners, should  not  undertake  to  build  up  false  hopes  in  the 
minds  of  owners  of  our  herds  throughout  the  country,  by  the 
use  of  the  various  vaccines  that  are  now  on  the  market." 

In  an  article  treating  of  abortion  and  its  sequelse.  Dr.  C.  C 
Palmer®  of  Delaware  College  speaks  of  his  experiences  as  follows: 

"We  have  tried  a  system  of  vaccinating  (by  means  of  sero- 
bacterin)  all  new-born  calves,  but  the  results  so  far  have  been 
disappointing.  oMany  of  the  calves  seem  to  do  well  until  two  or 
three  months  of  age,  when  they  invariably  develop  scours  and 
imeumonia.  Further  treatment  with  vaccines  or  serum  was  un- 
availing. 

"Biological  products  for  the  control  of  calf  diseases  should 
be  regarded  as  being  in  the  ex])erimcntal  stage,  and  at  the  present 
time  our  chief  hope  lies  in  the  proper  liygiene  of  these  young 
animals.  Vaccines  and  serums  may  be  tried,  but  the  hygienic 
factor  should  not  be  lost  sight  of.'' 

1  am  personally  familiar  with  the  work  that  has  been  done 
by  Dr.  W.  L.  Boyd,  at  the  University  of  Minnesota,  and  the  fol- 
lowing paragraph  from  the  25th  annual  report  of  the  Agricul- 
tural Experiment  Station,  University  of  Minnesota^,  is  merely  an 
illustration  of  the  results  olitained  in  large  numbers  of  experi- 
ments : 

"Thirty-two  young  heifers  were  given  a  series  of  injections 
of  large  doses  of  killed  abortion  bacilli.  The  results  so  far  ob- 
tained indicate  that  this  method  of  vaccination  is  not  satisfactory 
for  the  prevention  and  control  of  infectious  abortion." 

The  opinions  of  Dr.  Williams  on  this  subject  are  so  well 
known  that  they  need  little  comment.  However,  in  a  recent  pub- 
lication^" he  states : 

"The  administration  of  bacterins.  vaccines  or  sera  to  the  preg- 
nant animals  has  been  advocated,  but  these  have  failed.  Like 
antiseptics,  they  fail  to  reach  the  location  of  the  harmful  infec- 
tions in  the  uterine  cavity.  Their  failure  does  not  prevent  some 
establishments  from  advertising  and  selling  their  products." 


It  should  l)c  (listinctl\-  uiuKtsIchkI  that  practically  all  nt'  this 
adverse  criticism  has  hccn  directed  ai^ainst  conta^s^ious  abortion 
hacterins  and  vaccines  consisting  of  dead  organisms,  whether  they 
he  killed  with  or  without  the  ap]:)lication  of  heat.  The  use  of 
vaccines  containing  living  organisms  is  being  turned  to  just  now, 
in  the  hope  that  they  will  give  a  better  account  of  themselves. 
The  work  of  the  English  Commission  and  of  I^ang,  in  Denmark, 
is  referred  to  in  this  connection.  Experiments  on  a  small  scale 
are  now  being  conducted  in  this  country,  and  the  results  will  be 
awaited  with  interest.  It  will  likewise  be  of  interest  to  note  what 
the  attitude  of  sanitary  officials  will  be  as  to  the  distribution  and 
use  of  the  living  vaccine.  That  it  is  a  procediu'e  attended  by  a 
certain  amount  of  danger  goes  withotit  saying. 

The  disadvantages  of  employing  live  bacilli  are  enumerated 
in  a  recent  bulletin  ])repared  by  Dr.  F.  B.  Hadley^^  of  the  Wi.s- 
consin  Agricultural  Experiment  Station.     They  are  as  follows  : 

(1)  Rapid  deterioration  of  the  vaccine. 

(2)  Slow  (levelo])ment  of  immunity. 

(3)  Temporary'  discomfort  to  the  animal. 

(4)  Danger  of  introducing  the  infection. 

Of  these  objections,  the  second,  the  slow  development  of  im- 
munity, will  probably  be  the  most  difficult  to  overcome.  This  is 
no  fault  of  the  vaccine.  l)tit  is  due  to  the  very  nature  of  the  dis- 
ease. It  is  always  a  more  or  less  chronic  infection.  Practically 
without  exception,  those  diseases  which  are  successfully  con- 
trolled by  vaccination  are  the  acute  infections,  stich  as  blackleg. 
hog  cholera,  anthrax,  hemorrhagic  septicemia,  and  rinderpest, 
w4iile  stich  chronic  diseases  as  tuberculosis  and  glanders  have  not 
been  amenable  to  prophylaxis  by  any  system  of  vaccination. 

When  we  speak  of  immunity  in  contagious  abortion  it  is  not 
exactly  clear  what  we  mean  by  the  term.  Our  laboratory  tests 
that  indicate  a  positive  reaction  tell  us  little  of  value  in  the  case 
of  the  individual  animal.  An  animal  reacting  positively  to  one 
of  these  tests  today  may  abort  tomorrow,  or  she  may  carry  her 
calf  to  full  term,  and  subsequent  pregnancies  may  be  terminated 
just  as  successfully.  The  future  of  these  calves,  however,  is 
another  matter. 

This  paper  would  not  be  complete  withotit  some  mention  of 
the  use  of  a  specific  anti-sertim.     Some  ex])erimental  work  has 
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been  done  with  this  prochict.  but,  again,  the  nature  of  the  disease 
is  such  that  tlie  extensive  use  of  the  serum  may  never  come  about. 
When  used  as  a  prophylactic,  the  immunity  afforded  probably 
does  not  last  over  three  weeks,  necessitating^  a  repetition  of  the 
treatment  every  three  weeks  until  ])re,L,mancy  is  terminated.  This 
method  of  treatment  is  too  expensive.  exce])t  in  the  case  of  ex- 
tremely valuable  animals. 

As  a  ciu'ative  agent  the  serum  is  again  of  little  use,  as  far  as 
the  cow  is  concerned,  on  account  of  the  nature  of  the  disease. 
The  abortion  organism  is  rarely  the  catise  of  the  death  of  the 
cow.  If  there  are  any  complications  following  an  abortion  they 
are  usually  not  due  to  the  abortion  organism,  and  therefore  an 
abortion  anti -serum  is  not  indicated.  Investigations  would  .seem 
to  indicate  that  the  abortion  organism  is  responsible  for  some 
of  the  common  calf  diseases,  notably  white  scours,  calf  pneumonia, 
arthritis  (navel-ill),  etc.  Therefore,  a  serum  directed  against 
this  organism  is  indicated.  However,  there  are  other  organisms 
which  are  just  as  likely  to  l)e  im])licated  in  these  conditions,  most 
important  of  which  is  the  colon  bacillus. 

It  is  the  practice  of  some  laboratories  to  include  the  abortion 
organism  in  the  antigen  used  for  the  production  of  white  scours 
serum.  W'e  carried  this  idea  even  further  and  prepared  a  serum 
using  equal  amounts  of  abortion  and  colon  organisms  in  the 
antigen.  This  was  used  on  herds  where  both  white  scours  and 
contagious  abortion  existed.  Clinical  reports  indicated  that  the 
results  obtained  with  this  combination  serum  were  no  better  than 
when  the  regular  white  scours  serum  was  used,  and  we  decided  to 
let  well  enough  alone. 

In  closing.  I  would  like  to  call  your  attention  to  a  recent  ]nib- 
lication  on  the  subject  of  the  etiology  of  contagious  abortion  of 
cattle.  If  the  findings  of  Dr.  Theobald  Smith'-  of  the  Rockefeller 
Institute,  Department  of  Animal  Pathology,  are  verified  by  other 
workers  in  different  parts  of  the  United  States  the  least  that  can 
be  said  is  that  the  question  is  more  complicated  than  ever. 

Dr.  Smith  has  recently  described  an  organi.sm,  a  spirillum, 
which  he  has  isolated  in  pure  culture  from  the  foetuses  of  fourteen 
cases  of  abortion.  The  abortions  occurred  in  a  group  of  herds, 
under  the  same  management,  and  during  the  investigation,  which 
lasted  over  a  period  of  about  fifteen  months,  there  were  twenty- 
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seven  abortions,  in  which  B.  abortus  oi  Hang  appeared  to  be  tlie 
etiological  factor. 

One  of  the  most  interesting  facts  brought  out  by  the  investi- 
gation is  the  absence  of  B.  aliortus  in  those  cases  where  the  spir- 
ilhnn  was  found  and  the  absence  of  the  latter  wlien  B.  al)()rtus 
was  present.  'I'hat  tlie  two  organisms  are  not  identical  is  shown 
by  the  lack  of  pathogenicity  for  guinea-pigs,  on  the  part  of  the 
spirillum,  liesides  difference  in  morphology. 

On  the  other  hand,  there  are  a  muiiber  of  points  in  common. 
The  spirillum  is  evidently  an  organism  that  demands  a  reduced 
oxygen  tension  for  successful  artificial  cultivation,  and  it  has  been 
found  that  it  may  be  isolated  in  pure  cultures  from  foetuses  under 
precisely  the  same  conditions  as  B.  abortus.  Both  organisms  have 
been  found  in  the  gastro-intestinal  tract,  as  well  as  the  respira- 
tory tract  of  the  foetus,  quite  regularly,  but  less  frequently  in  the 
other  organs.  Both  organisms  have  been  found  in  the  placental 
fluids. 

For  some  unexplained  reason  the  spirillum  has  not  caused  an 
abortion  during  the  first  pregnancy  of  any  cow,  but  in  all  cases 
in  which  the  spirillum  has  thus  far  been  demonstrated  the  abor- 
tion has  occurred  during  a  second  or  later  pregnancy.  No  inocu- 
lation tests  have  yet  been  made  owing  to  a  lack  of  suitable  sub- 
jects. It  is  desirable — in  fact,  essential — that  experiment  animals 
used  in  the  crucial  test  should  be  perfectly  free  from  infection, 
with  either  Bang's  bacillus  or  the  spirillum,  and  they  should  like- 
wise be  free  from  any  immunity  to  these  infections  gained  by 
exposure  to  them.  Serological  tests  have  been  delayed,  owing  to 
the  difficulty  of  getting  the  organism  to  grow  satisfactorily  on 
artificial  media  not  containing  blood  or  tissues. 

If  subsequent  investigations  show  that  the  new  organism  is 
capable  of  producing  abortion,  as  does  the  Bang  bacillus,  it  is 
difficult  to  predict  just  what  efit'ect  it  will  have  on  our  present 
methods  of  handling  the  abortion  problem.  The  next  step  will 
be  for  other  investigators,  in  different  localities,  to  try  and  con- 
firm the  findings  of  Dr.  Smith.  The  fact  that  abortions  among 
sheep  and  cattle  in  Ireland  and  Wales  have  already  been  reported 
as  due  to  organisms  similar  to  the  spirillum  is  quite  suggestive  of 
the  widespread  character  of  the  infection.  Are  the  irregular 
results   that   have   been   obtained   with   bacterins   made    from    B. 
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abortus  due  to  the  fad  that  this  organism  was  not  operating  in  a 
certain  percentage  of  the  cases? 

COXCLUSIOXS. 

1.  'ihc  consensus  of  opinion,  as  expressed  by  recognized 
authorities,  is  to  the  effect  that  the  vaccines  and  bacterins  made 
from  dead  abortion  bacilH  are  of  no  real  vaU:e  in  the  prevention, 
cure  or  control  of  the  disease. 

2.  Such  preparations  are  probably  harmle>s.  in  so  far  as  any 
danger  to  the  treated  animals  is  concerned,  but  they  may  possess 
a  potential  danger  by  causing  veterinarians  to  overlook  other 
methods  for  handling  the  disease. 

3.  If  veterinarians  wish  to  make  and  preserve  a  reputation 
for  being  careful  observers,  scientific  workers,  and  ethical  prac- 
titioners, they  should  keej)  in  mind  the  nature  of  this  abortion 
disease  and  its  sequeke,  treat  it  acccjrdingly  and  endeavor  to 
interpret  results  intelligently,  at  all  times  holding  themselves 
aloof  from  any  connection  with  the  so-called  no-cure-no-pay 
propositions. 

4.  hlx])eriments  with  vaccines  consisting  of  living  organisms 
are  apparently  more  encouraging,  according  to  the  work  thus  far 
reported.  If  a  stable  product  can  be  prepared,  for  use  under 
actual  conditions,  and  a  safe  method  of  distribution  and  admin- 
istration devised,  the  product  may  prove  to  be  of  considerable 
value  in  the  control  of  the  disease. 

5.  The  use  of  anti-abortion  serum  is  rather  limited,  owing  to 
the  nature  of  the  disease.  Theoretically,  its  employment  in  cer- 
tain conditions  is  perfectly  rational,  if  the  value  of  the  cow  or 
her  progeny  warrants  the  expense. 

6.  Some  clinical  observations  would  suggest  that  the  colon 
organism  is  more  important  in  the  common  diseases  of  the  new- 
born calf  than  B.  abortus,  even  though  the  latter  is  found  in  some 
cases  of  scours.  ])neumonia.  arthritis,  etc. 

7.  Our  problem  may  be  further  complicated  if  the  researches 
of  Dr.  Theobald  Smith  are  confirmed,  and  it  is  shown  that  there 
are  two  organisms,  instead  of  one,  responsible  for  the  abortions 
so  prevalent  among  our  cattle. 
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This  paper  will  deal  as  briefly  as  possible  with  a  dozen  of  the 
more  important  worm  parasites  affecting-  horses,  cattle,  sheep, 
swine,  dogs,  cats  and  poultry.  It  will  approve  the  use  of  perhaps 
a  half-dozen  drugs.  It  will  deal  with  nematode  worms  primarily. 
In  the  belief  of  the  writer,  this  is  a  practical  paper.  There  is  a 
disposition  among  practitioners  to  regard  laboratory  men  as  im- 
practical. As  a  laboratory  man,  it  is  the  writer's  belief  that  as 
regards  the  use  of  anthelmintics  the  practitioner  is  frequently 
highly  impractical  in  that  he  often  uses  inefficient  measures  in 
place  of  equally  feasible  effective  ones.  'Ihe  determination  of  the 
value  of  anthelmintic  medication  in  practice  is  not  always  a 
simple  and  certain  ])r()ce(lure.  Under  what  we  may  call  barn- 
yard, stable.  hog-])en  and  kennel  conditions,  it  is  not  alwavs  easy 
to  ascertain  what  worms  are  passed.  There  are  too  many  com- 
plications. The  manure  of  one  animal  is  mixed  with  that  of 
other  animals,  and  that  of  one  day  with  that  of  other  days.  The 
farmer  or  the  stable  hand  is  commonly  uncertain  as  to  just  what 
has  happened  and  neither  their  observation  nor  their  judgment 
can  be  trusted  in  many  cases.  The  technique  of  examination  nec- 
essary under  such  circumstances  is  crude  and  unsatisfactory.  Pok- 
ing in  the  manure  with  a  stick  gives  a  minimum  amount  of 
information.  The  number  of  worms  passed  may  sometimes  Ije 
ascertained  or  guessed  at.  if  the  worms  happen  to  be  large  ones, 
but  the  number  left  cannot  be  readily  ascertained  and  clinical 
evidence  of  recovery  from  a  sub-chronic  afebrile  state  of  mal- 
nutrition and   impoverishment,    such   as   is   commonlv   present   in 

*Presented  at  Section  on  Sanitary  Science  ami  Police,  .>.ith  -Annual  Meeting, 
A.   V.   M.   A.,    Philadelphia,   1918. 
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clinical  cases  of  ])arasitisni.  comes  sU)\vly,  and  such  evidence  can 
seldom  be  sdu^lit  idr  In  tlu'  lni>\  ]>raclitii>ner.  Under  these 
circumstances,  drui^s  oi  hut  little  anthelmintic  value  hecame  es- 
tablished as  anthelmintics.  Strictly  speaking,  treatment  with  such 
drugs  is  not  practical  treatment. 

These  are  conditions  practically  insejiarable  from  the  ])ractice 
of  veterinary  medicine  and  no  criticism  can  be  fairly  leveled  at 
the  practitioner  on  that  score.  What  we  need  in  this  case  are 
dejiendable  anthelmintics,  with  an  efficiency  established  by  nu- 
merous tests  under  experimental  conditions.  This  is  the  task 
of  the  laboratory  man.  It  is  a  task  that  has  been  undertaken, 
but  only  a  small  part  of  the  work  has  yet  been  done.  Part  of 
what  I  ma}-  say  today  will  probably  prove  to  be  premature  in  the 
light  of  what  we  will  know  next  year,  but  if  we  waited  till  we 
knew  everything  about  a  subject  before  telling  it,  rather  than 
tell  the  little  we  know,  our  progress  might  be  surer,  but  it  would 
undoubtedly  be  much  slower. 

Critical  laboratory  tests  of  numerous  reputed  anthelmintics, 
and  there  are  hundreds  of  substances  that  have  had  anthelmintic 
value  claimed  for  them,  show  that  most  of  the  anthelmintics  have 
less  value,  often  much  less,  than  is  commonly  assigned  to  them, 
while  a  few  prove  on  critical  test  to  have  the  value  which  clinical 
evidence  has  attributed  to  them.  These  results  naturally  lead  to 
skepticism  in  regard  to  the  actual  value  of  untested  anthelmintics. 
By  a  critical  test  I  mean  the  administration  of  the  drug  to  ex- 
periment animals  under  fixed  conditions,  the  subsequent  collec- 
tion of  all  feces  passed,  the  careful  collection  of  worms  from 
such  feces  daily  for  a  period  of  four  or  more  days,  and,  finally, 
the  killing  of  the  experiment  animal  at  the  end  of  the  experiment 
and  the  post-mortem  collection  of  all  parasites  not  removed  in 
order  to  ascertain  where  the  treatment  failed,  as  well  as  where  it 
succeeded.  ]\Iost  of  the  recommendations  I  wish  to  make  are 
based  on  such  tests,  and  where  they  are  not,  i  make  my  recom- 
mendations with  reservations. 

The  hor.se  is  infested  with  a  number  of  worms,  of  which  we 
will  consider  only  the  strongyles,  pinworms  and  ascarids. 

The  strongyles  of  the  horse  include  several  genera,  but  the 
two  genera  of  importance  in  the  large  intestine  are  the  genus 
Strongylus,  sometimes  called  Sclerostomum   (the  large  red  pali- 
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sade  worms),  and  the  genus  Cylicostoinu)}!,  also  called  Cyllchnos- 
tomiiDi  and  Triclionciiia  ( tlie  small  worm  from  the  large  intes- 
tine). The  latter  genus  includes  a  rather  large  number  of  species 
which  have  been  lumped  under  the  name  Strongylus  tctracanthus 
or  Sclcrostoimim  tctracanthioii.  There  are  3  species  of  Strongy- 
lus commonly  present  in  horses,  Stro)i(jylus  equinus,  S.  edcntatus 
and  S.  vulgaris.  Species  of  both  genera  are  commonly  present  in 
the  same  animal  and  often  in  large  numbers.  The  disease  due  to 
the  presence  of  the  strongyles  of  both  genera  has  been  called 
strongylidosis  by  Leneveu.  It  is  an  afebrile,  wasting  disease, 
characterized  by  digestive  disorders,  debility,  anemia  and  edema, 
and  complicated  by  the  many  serious  sequelae  resulting  from 
aneurism  production  by  6^.  vulgaris. 

The  importance  of  our  horses  for  cavalry,  held  artillery  and 
transport  purposes  at  this  time,  the  value  of  these  horses  by  the 
time  they  arrive  in  France,  and  the  prevalence  of  strongylidosis 
make  the  subject  of  treatment  for  this  disease  a  matter  well 
worthy  of  our  consideration. 

It  is  generally  understood  that  these  worms  are  hard  to  re- 
move, and  on  that  point  the  veterinary  practitioner  and  the 
parasitologist  are  in  agreement.  It  is,  therefore,  somewhat  sur- 
prising to  learn  that,  on  the  contrary,  these  worms  are  not 
particularly  difficult  to  remove.  In  tests  which  I  made  in  col- 
laboration with  Dr.  R.  H.  Wilson  and  Mr.  Meyer  Wigdor,  we 
obtained  very  high  anthelmintic  efificacy  in  the  treatment  of 
strongylidosis.  The  results  of  our  experiments  are  detailed  in  a 
paper  which  is  already  in  press,  but  I  will  give  a  synopsis  of 
those  results  here. 

We  secured  the  removal  of  every  Strongylus,  107  of  them, 
from  a  horse  that  had  fasted  over  24  hours,  by  the  administration 
of  16  mils  of  oil  of  chenopodium,  followed  immediately  by  a 
quart  of  linseed  oil.  We  removed  96  per  cent  of  the  Strongylus 
present,  66  out  of  69,  from  a  horse  that  had  fasted  over  24  hours, 
by  the  administration  of  16  mils  of  oil  of  chenopodium.  followefl 
2  hours  later  by  a  quart  of  linseed  oil.  We  removed  95  per  cent 
of  the  Strongylus  present,  78  out  of  82,  from  a  horse  that  had 
been  fasted  over  24  hours,  by  the  administration  of  3  6-mil  doses 
of  oil  of  chenopodium  at  hour  intervals,  followed  an  hour  after 
the  last  dose  by  a  liter  of  linseed  oil.     We  removed  76  per  cent 
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of  the  Stro)i(/ylus  present,  til  (Uit  of  SO.  from  a  horse  that  had 
been  fasted  less  than  vf  I  liours.  l\v  the  achninistration  of  1(5  mils 
of  oil  of  chenopodiutn,  followed  immediately  by  a  quart  of  lin- 
seefl  oil.  We  removed  18  ])er  cent  of  the  Strongylus  present, 
10'2  out  of  '-^1  1.  from  a  horse  that  had  been  fasted  less  than  24 
hours,  by  the  administration  of  "2  ounces  of  turpentine  in  a  qtiart 
of  linseed  oil.  We  removed  less  than  1  ])er  cent  of  the  Stro)igylus 
present  from  one  horse  that  received  IS  mils  of  oil  of  chenopo- 
dium  and  a  quart  of  linseed  oil  after  fastinii;  less  than  24  hours; 
from  a  second  horse  that  received  IS  mils  of  oil  of  chenopodium 
and  a  quart  of  linseed  oil  after  fastini^^  less  than  "3  1  hours;  from 
a  third  horse  that  received  S  mils  of  oil  of  cheno|)odimu  and  a 
quart  of  linseed  oil  after  fasting  24  hours  ;  from  a  fourth  horse 
that  received  2  drams  of  tartar  emetic  in  a  mash  daily  for  5  days : 
and  from  a  fifth  horse  that  received  2  drams  of  iron  sulphate  in 
a  mash  daily  for  T  days.  The  foregoing  shows  that  !)6  and  100 
per  cent  efficacy  were  secured  by  the  use  of  16  mils  of  oil  of 
chenopodium.  followed  immediately  or  2  hours  later  by  a  quart 
of  linseed  oil,  in  animals  that  had  been  fasted  over  24  hours. 
In  these  cases,  the  horses  were  given  a  light  feed  in  the  evening 
and  all  hay  and  bedding  removed.  No  food  was  given  the  next 
day.  The  next  day  the  treatment  was  given  early  in  the  morning 
and  the  animal  not  fed  for  3  hours  afterward.  Where  animals 
were  fed  the  morning  before  treatment,  equally  good  results  were 
not  obtained. 

W  ith  approximately  the  same  size  of  dose,  the  efficacy  fell  to 
1  <i  per  cent  in  one  case  and  less  than  1  per  cent  in  another.  With 
smaller  doses,  10  mils  and  8  mils,  the  efficacy  remained  below 
1  per  cent.  It  would  appear  from  this  that  doses  of  about  16 
mils  of  oil  of  chenopodium  were  needed  and  that  the  animal 
should  be  fasted  over  a  period  of  almost  36  hours  to  insure  the 
best  results.  The  one  experiment  with  turpentine,  securing  in 
2-ounce  dose  in  a  quart  of  linseed  oil  the  removal  of  48  per  cent 
of  the  Sfrongylus  present  in  a  horse  fasted  for  less  than  24 
hours,  indicates  that  we  have  in  turpentine  a  fairly  effective  sub- 
stitute for  oil  of  chenopodium  when  the  latter  is  unobtainable. 

Some  experiments  1  performed  previous  to  the  experiments 
noted  above  bear  out  our  findings  in  a  general  way.  Horse  No.  1 
was  given  8  mils  of  oil  of  chenopodium,   followed   immediately 
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by  a  liter  of  linseed  oil,  after  fastin^^  for  less  than  2-1  hours.  The 
treatment  removed  •")1  per  cent  of  the  Stroju/ylus  present.  11»  out 
of  .'5T.  Horse  No.  2  was  ti^iven  K!  mils  of  oil  of  chenopodium, 
followed  immediately  by  SOO  mils  of  linseed  oil,  and  100  mils  of 
castor  oil,  after  fastiiiij;  for  '^  I  hours.  The  treatment  failed  to 
remove  any  Stro)igylus.  h'ifteen  days  later  this  horse  was  given 
20  mils  of  choloroform.  followed  in  1.1  minutes  by  750  mils  of 
linseed  oil.  The  animal  had  been  given  some  feed  shortly  before 
treatment.  This  treatment  also  failed  to  remove  any  Strongxlus. 
The  animal  was  killed  (>  days  later  and  found  to  have  -'5  Strongx- 
lus in  the  cecum.  The  explanation  for  the  failure  of  treatment 
here  i)robably  lies  in  the  presence  of  a  very  sinall  number  of 
Strongxlus,  perhaps  safe  in  a  remote  part  of  the  cecum.  Horse 
No.  3  was  given  12  mils  of  oil  of  chenopodium,  followed  by  800 
mils  of  linseed  oil.  after  fasting  for  24  hours.  The  treatment 
failed  to  remove  any  Strongxlus.  Six  days  later  the  horse  was 
given  2  doses  of  20  mils  each  of  carbon  bisulphide  at  a  2-hour 
interval,  followed  by  800  mils  of  linseed  oil  two  and  a  half  hours 
later.  This  treatment  failed  to  remove  any  Strongxlus.  Eight 
days  later  the  horse  was  given  3  doses  of  carbon  bisulphide,  -"5 
drams  to  the  dose,  at  hour  intervals.  Sixteen  days  later  the 
animal  was  killed  and  found  to  have  12  Strongxlus  in  the  cecum. 
The  failure  of  the  treatment  here  may  have  been  due  to  the  size 
of  the  dose,  the  fasting  period,  the  presence  of  a  few  Strongxlus 
in  a  remote  portion  of  the  cecum,  or  to  the  development  of  sex- 
ually mature  forms  from  agamic  worms  attaining  the  intestine 
between  the  titne  of  treatment  and  the  time  of  death.  Horse 
No.  4  was  given  20  mils  of  carbon  bisulphide,  folk)wed  by  800 
mils  of  castor  oil  one  and  a  half  hours  later.  The  treatment 
failed  to  remove  any  Strongxlus.  Five  days  later  the  horse  was 
given  12  mils  of  oil  of  chenopodium,  followed  immediately  by 
800  mils  of  linseed  oil.  The  horse  passed  one  Strongxlus.  Seven 
days  later  the  horse  was  given  3  doses  of  carbon  bisulphide,  of  3 
drams  each,  at  hour  intervals.  No  worms  were  passed  and  the 
animal  was  killed  10  days  later.  There  were  13  Strongxlus  jx)st- 
mortem,  so  the  treatment  with  chenopodium  was  7  per  cent  etifect- 
ive  and  those  with  carbon  bisulphide  entire  failures. 

So  far  as  conclusions  may  be  drawn  from  the  14  experiments 
noted  here,  and  we  must  draw  what  conclusions  we  may,  since 
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this  represents  almost  the  entire  liody  of  dependable  tests  avail- 
able to  date,  we  may  say  that  apparently  Stroiigyliis  niav  be  re- 
moved from  horses  with  a  rather  hi^h  degree  of  certainty  with 
doses  of  1(»  to  IS  mils  of  oil  of  chenopodinm,  followed  immediately 
or  after  an  interval  by  a  quart  or  more  of  linseed  oil.  provided 
the  animals  have  been  fasted  for  a  period  of  3G  hours.  It  would 
perhajxs  be  good  practice  to  repeat  the  treatment  at  an  interval 
of  2  weeks. 

The  removal  of  Cylicosfommn  was  even  more  readily  accom- 
plished in  our  experiments.  We  secured  the  removal  of  every 
Cylicostomum  from  4  horses.  In  one  of  these  cases  the  horse 
fasted  less  than  2-i  hours,  received  IG  mils  of  oil  of  chenopodium, 
followed  immediately  by  a  quart  of  linseed  oil,  and  passed  70 
Cylicostomum ;  in  another  case  the  horse  fasted  over  24  hours, 
received  16  mils  of  oil  of  chenopodium,  followed  2  hours  later 
by  a  quart  of  linseed  oil,  and  passed  540  Cylicostomum ;  in  the 
third  case  the  horse  fasted  over  24  hours,  received  3  6-mil  doses 
of  oil  of  chenopodium  at  hour  intervals,  followed  an  hour  after 
the  last  dose  by  a  liter  of  linseed  oil,  and  passed  1,242  Cylicosto- 
mum; in  the  fourth  case  the  horse  fasted  less  than  24  hours,  re- 
ceived 2  ounces  of  tur])entine  in  a  quart  of  linseed  oil,  and  passed 
274  Cylicosfommn.  We  removed  97  per  cent  of  the  Cylicostomum 
present  (or  perhaps  100  per  cent,  if  these  larval  forms  had  issued 
from  their  cysts  in  the  mucosa  after  the  passage  of  the  anthel- 
mintic, as  seems  likely),  77  out  of  79,  or  77  out  of  77,  as  the  case 
may  be,  from  a  horse  that  had  been  fasted  over  24  hours,  by  the 
administration  of  16  mils  of  oil  of  chenopodium,  followed  imme- 
diately by  a  quart  of  linseed  oil.  We  removed  29  per  cent  of 
the  Cylicostomum  present,  187  out  of  635,  from  a  horse  that  had 
been  fed  shortly  before  treatment,  by  the  administration  of  10 
mils  of  oil  of  chenopodium,  followed  immediately  by  a  quart  of 
linseed  oil.  We  removed  11  per  cent  of  the  Cylicostomum  present, 
428  out  of  3,623,  from  a  horse  that  had  been  fasted  less  than  24 
hours,  b}'  the  administration  of  18  mils  of  oil  of  chenopodium, 
followed  immediately  by  a  quart  of  linseed  oil.  We  removed 
less  than  1  per  cent  of  the  Cylicostomum  present  from  1  horse 
that  received  8  mils  of  oil  of  chenopodium,  followed  immediately 
by  a  quart  of  linseed  oil,  after  fasting  less  than  24  hours ;  from 
a  second  horse  that  received  2  drams  of  tartar  emetic  in  a  mash 
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daily  for  -i  days ;  and  from  a  third  horse  that  received  2  drams  of 
iron  sulphate  in  a  mash  daily  for  T  days. 

From  the  foregoing  it  may  be  concluded  that  in  amounts  of 
IG  to  IS  mils  oil  of  chenopodium  in  1  to  3  doses,  followed  imme- 
diately or  at  an  interval  by  linseed  oil,  may  be  expected  to  re- 
move all  or  nearly  all  strongyles  from  the  cecum  and  colon  of 
the  horse  in  many  cases,  provided  the  animal  is  fasted  36  hours 
previous  to  treatment. 

Infestation  with  0.\rynris  cqui,  or  pinworm,  is  not  an  uncom- 
mon condition  in  horses,  and  may  be  suspected  when  horses  are 
seen  rubbing  the  tail  against  some  object  or  when  such  a  practice 
is  indicated  by  the  presence  of  a  bare  spot  where  the  hair  has 
been  rubbed  off  the  tail  near  its  roots.  The  presence  of  these 
worms  may  also  be  suspected  when  yellowish  egg  masses  are 
found  around  the  anus,  as  a  result  of  the  crushing  of  the  gravid 
female  by  the  anal  sphincter.  In  a  recent  paper,  the  eminent 
French  parasitologist,  Railliet  (1917)  states  that  this  worm  is 
readily  removed.  He  notes  the  use  of  internal  medication  by 
mouth,  but  believes  that  the  easy  way  to  remove  pinworms  from 
the  horse  is  by  means  of  copious  enemata  of  warm,  soapy  water 
or  vinegar  water,  to  which  may  be  added  corrosive  sublimate  to 
make  a  1 :2000  solution,  or  a  mucilaginous  emulsion  of  thymol, 
the  enemata  to  be  repeated  as  often  as  necessary.  The  treat- 
ments noted  by  Railliet  as  tised  in  oral  medication  are  as  follows : 
Tartar  emetic  in  doses  of  15  to  20  grams  in  food  ;  corrosive  sub- 
limate in  doses  of  a  deciliter  of  a  1  :1000  solution  daily  in  drink 
or  food  for  about  15  days;  areca  nut,  freshly  ground,  in  100-gram 
doses ;  and  thymol,  in  15-  or  20-gram  doses,  suspended  in  muci- 
lage. 

In  our  experience,  the  removal  of  pinworms  by  means  of 
oral  medication  was  very  easily  accomplished,  as  a  rule.  In  the 
tests  in  collaboration  with  Wilson  and  Wigdor,  we  removed  100 
per  cent  of  the  pinworms  present  in  5  horses  by  the  following 
treatments :  Oil  of  chenopodium,  16  mils,  followed  immediately 
by  a  quart  of  linseed  oil.  the  horse  being  fasted  for  over  24  hours ; 
oil  of  chenopodium,  16  mils,  followed  2  hours  later  by  a  quart 
of  linseed  oil.  the  horse  being  fasted  over  24  hours;  oil  of  cheno- 
podium, 3  6-mil  doses  at  hour  intervals,  followed  an  hour  after 
the  last  dose  by  a  liter  of  linseed  oil.  the  horse  being  fasted  for 
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over  '' \  linurs  :  iur]K'iuino,  "J  miiK-c>,  tdUowcd  inimediatclv  hv  a 
Huart  i^i  linsetxl  oil.  the  horse  l)ein,i;'  tasted  less  than  '^  \  hours; 
ami  h\-  tartar  enietie.  '.'  drams  daily  in  the  feed  for  5  days.  We 
failed  entirely  t(t  remove  the  few  pinworms  present  in  2  cases. 
In  (ine  of  these  eases  the  horse  received  IS  mils  of  chenopodinm, 
followed  immediately  hy  a  (|uart  of  linseed  oil,  the  horse  bein^" 
fasted  less  than  2  \  hours:  in  the  other  case  the  horse  received  2 
drams  of  iron  sul])liate  daily  in  the  teed  tor  ^  days. 

The  above  experiments  contirm  the  idea  ex])ressed  by  Railliet 
as  to  the  readiness  with  which  ])inworms  may  be  removed.  They 
mav  be  cleaned  out  by  oil  of  chenojxxlium  in  Ki-mil  doses,  fol- 
lowed immediately  or  after  an  interval  by  a  quart  of  linseed  oil, 
in  horses  that  have  been  fasted  over  24  hours ;  by  2  ounces  of 
turpentine,  followed  immediately  b\-  a  quart  of  linseed  oil  in 
horses  that  have  fasted  less  than  2-i  hours  ;  or  by  2-dram  doses  of 
tartar  emetic  in  the  feed  daily  for  5  days.  So  far  as  we  can  judge 
from  so  few  experiments,  fasting  less  than  24  hours  interferes 
with  the  ef^cacy  of  oil  of  chenopodinm  against  these  worms,  and 
iron  sulphate  in  2-dram  doses  daily  for  7  days  is  unsatisfactory. 

The  writer  has  been  under  the  impression  for  some  years  that 
the  removal  of  ascarids,  the  large  maw-worms,  of  the  horse  should 
present  no  special  difficulties,  since  ascarids  in  man,  dogs  and 
swine  yield  so  readily  to  treatment.  However,  test  of  treatments 
have  led  to  the  conclusion  that  Neveau-Lemaire  (  1!)12)  was  quite 
right  in  stating  that  none  of  the  numerous  treatments  commonly 
employed,  such  as  tartar  emetic,  turpentine,  santonica,  empyreu- 
matic  oil,  and  benzine,  give  satisfactory  results.  We  failed  to 
remove  any  ascarids  from  4  infested  animals  treated  as  follows  : 
One  horse  received  8  mils  of  oil  of  chenojx)dium,  another  10  mils, 
and  a  third  Ki  mils,  tlie  cheno])odium  being  followed  immedi- 
ately by  a  quart  of  linseed  oil;  the  fourth  horse  received  2  ounces 
of  tur|)entine,  followed  immediately  bv  a  quart  of  linseed  oil. 
.All  of  these  horses  were  fasted  less  than  2  1  hours.  A  horse  which 
received  2  drams  of  tartar  emetic  in  feed  daily  for  O  days  passed 
8  per  cent  of  its  ascarids;  one  that  received  K)  mils  of  oil  of 
chenopodium.  followed  immediately  l)y  a  quart  of  linseed  oil,  the 
horse  being  fasted  over  24  hours,  passed  3  ])er  cent  of  its  ascarids  ; 
one  that  received  18  mils  of  oil  of  chenopodium,  followed  imme- 
diately by  a  quart  of  linseed  oil,  the  horse  being  fasted  less  than 
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24  hours,  jjassed  !'<?  per  cent  of  its  ascarids  ;  and  one  that  received 
3  6-mil  doses  of  oil  of  chenopodium,  followed  an  hour  after  the 
last  dose  by  a  liter  of  linseed  oil,  the  horse  being  fasted  over  24 
hours,  passed  25  per  cent  of  its  ascarids. 

In  view  of  the  above  results,  the  writer  is  unable  to  make 
recommendations  m  regard  to  treatment  for  ascarids  in  the  horse. 
Numerous  treatments  are  known  to  me,  and  are  said  to  be  ef- 
fective. Doubtless  some  of  these  treatments  are  effective  at 
least  at  times,  but  until  their  value  has  been  experimentally  demon- 
strated 1  would  feel  no  confidence  in  them  personally  and  would 
prefer  to  suspend  judgment  on  this  topic  pending  further  inves- 
tigation. Chenopodium  is  specifically  ascaricidal  in  man,  dogs 
and  swine,  and  has  a  very  high  anthelmintic  value.  Its  low  effi- 
cacy against  ascarids  in  the  horse,  in  the  dose  used  and  in  the 
way  it  was  given,  was  a  surprise.  It  is  possible  that  a  variation 
in  dosage  or  mode  of  administration,  such  as  giving  a  larger 
number  of  fractional  doses  over  a  longer  period,  may  secure 
satisfactory  results.  I  have  found  such  consideration  necessary 
in  securing  a  satisfactory  chenopodium  treatment  for  hookworm 
in  the  dog,  but  given  such  consideration  a  satisfactory  treatment 
is  possible.  Railliet  (1915)  says  the  preference  among  practi- 
tioners is  for  tartar  emetic  or  arsenic  to  remove  ascarids  from 
the  horse.  Tartar  emetic  has  the  disadvantage  of  being  a  severe 
gastro-intestinal  irritant  and  dangerous.  Experimentally,  I  have 
found  treatment  with  repeated  doses  of  arsenic  a  slow  and  not 
very  certain  procedure. 

As  far  as  cattle  are  concerned,  the  only  parasite  I  care  to 
touch  on  at  this  time  is  stomach  worm.  This  is  the  same  worm 
that  infests  sheep,  and  just  as  the  stomach  worm  does  the  great- 
est damage  to  lambs  among  sheep,  so  it  does  its  greatest  damage 
to  calves  among  cattle.  In  districts  where  stomach  worms  are 
plentiful  in  sheep,  it  is  practically  certain  that  they  will  be 
plentiful  in  cattle,  and  under  these  circumstances  calves  should 
be  treated  for  stomach  worm.  Experimental  tests  to  determine 
the  efficacy  of  treatments  and  the  doses  required  are  lacking  as 
far  as  stomach  worm  in  cattle  is  concerned.  However,  we  know 
that  the  copper  sulphate  treatment  is  highly  efficacious  and  safe 
against  stomach  worm  in  sheep,  and  we  may  assume  that  the 
same   treatment  would   be   efficacious   and    safe   against   stomach 
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i  ig.     ;.      Aiiiiaratus    for    drenching    slieen    for    stomach    worm.      The    apparatus    at    the 
right  is   the  one  with  clip  control   on  tuhing. 


worms  in  another  ruminant  in  the  apjM'opriate  dose,  which  dose 
can  be  computed  reasonably  well  from  the  dose  for  a  sheep.  1 
prefer  safe  and  conservative  doses,  repeated  at  long  enough  in- 
tervals to  allow  subsiding  of  inflammation  and  to  avoid  cumu- 
lative effects,  to  large  doses.  So  I  would  start  my  dose  for  calves 
around  100  mils  of  1  per  cent  solution  in  water  for  animals  2  to  3 
months  old,  grading  the  dose  up  conservatively  from  this  point. 
and  repeating  treatment  at  intervals  of  a  month  or  G  weeks  from 
spring  until  after  frost.  The  dose  can  be  given  with  a  metal  dose 
syringe  to  calves  under  proper  restraint,  or  if  the  number  war- 
rants it,  more  elaborate  devices  for  administering  the  dose  may 
be  used. 

Stomach  worm  in  sheep  is  a  well-known  and  serious  pest. 
There  are  a  number  of  treatments  which  have  been  recom- 
mended, among  which  may  be  mentioned  the  gasoline  treatment, 
the  creosote  treatment  and  the  copper  sulphate  treatment.  In 
mv  opinion,  the  fact  that  gasoline  is  volatile  and  apt  to  enter 
the  lungs  and  that  it  must  be  given  three  times  in  such  compara- 
tively expensive  vehicles  as  milk,  and  in  large  amounts,  precludes 
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its  use  so  loni(  as  there  is  anything  else  that  is  free  from  these 
(Irawhacks.  !Most  of  the  experiments  on  which  1  hase  my  objec- 
tion to  gasohne  and  creosote  have  been  puljlished  by  Hall  and 
Foster  (1918).  In  the  same  paper  will  be  found  the  experiments 
showing  the  advantages  and  efficacy  of  the  copper  sulphate  treat- 
ment. 

The  copper  sulphate  treatment  for  stomach  worms  in  sheep 
was  devised  by  Hutcheon  in  South  Africa  and  was  very  thor- 
oughly tested.  His  reports  cover  the  administration  of  the  treat- 
ment to  23,000  sheep  and  show  the  good  clinical  results  and  the 
freedom  from  worms  postmortem  of  sheep  so  treated.  Our  work- 
in  the  Bureau  of  Animal  Industry  convinced  us  of  the  excellence 
of  this  treatment.  Hall  and  Foster  (1918)  noted  the  use  of 
oO-mil  doses  for  lambs  under  12  months  old  and  100  mils  for 
those  older,  and  described  and  figured  an  apparatus  for  admin- 
istering the  treatment.  1  am  under  the  impression,  based  on  our 
experiments  and  on  some  additional  evidence  obtained  in  Virginia 
and  in  Michigan  in  the  control  of  stomach  worms  in  sheep  and 
goats,  that  stomach  worms  can  be  readily  kept  under  control,  at 
a  point  where  it  will  have  no  discernible  effect  on  the  health  of  the 
sheep  and  perhaps  even  be  eradicated  from  the  range  involved, 
by  the  administration  of  50  mils  of  1  per  cent  solution  of  copper 
sulphate  every  month  or  so  except  during  the  winter  in  localities 
where  winter  means  freezing  weather. 

I  have  modified  the  apparatus  originally  described  by  Hall  and 
Foster  and  now  use  this  modification.  This  uses  a  shorter,  thicker 
tube  for  the  sake  of  compactness,  is  mounted  on  a  board  for  the 
sake  of  convenience  in  hanging  it  up  and  in  protecting  the  glass, 
has  the  inlet  and  outlet  in  glass  as  an  integral  part  of  the  con- 
struction, partly  for  the  sake  of  appearances  and  jjartly  for  the 
increased  efficacy.  Some  earlier  modifications  use  a  glass  control 
valve  (Fig.  1),  but  this  was  too  fragile,  and  the  ])resent  apparatus. 
like  the  original,  uses  the  clamp  on  the  rubber  tul)e.  All  apparatus 
is  fed  from  a  reservoir  through  one  tube  and  delivers  the  dose  to  a 
metal  tube,  which  is  inserted  in  the  sheep's  mouth. 

It  is  commonly  stated  by  authorities  that  the  copper  sulphate 
crystals  used  in  making  this  solution  must  be  clear  blue  crystals, 
those  having  white  patches  or  crusts  on  them  to  be  rejected.  In 
looking  over  my  papers,  I  do  not  find  the  reason  for  this.    I  have 
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heard  some  reasons  assii^ned.  among  others  that  the  white  patches 
were  oxidized  or  insohilile,  which  is  not  the  case,  as  the  white 
patches  represent  copper  sulphate  which  has  lost  part  of  its  water 
of  crystallization  through  efflorescence  on  exposure  to  air.  .An- 
other reason  which  might  be  assigned,  and  this  is  perhaps  the 
true  reason,  is  that  the  loss  of  this  water  makes  a  difference  in 
the  amount  of  copper  sulphate  necessary  in  making  up  a  solution, 
so  that  the  weight  of  blue  crystals,  containing  a  rather  large 
amoimt  of  actual  CUSO4  as  the  same  weight  of  whitish  material 
containing  less  water  of  crv'stallization.  The  fresh  blue  crystals  of 
copper  sulphate  are  CUSO4,  SHoO ;  on  exposure  to  air  the  light- 
colored  patches  fonn  and  these  have  the  formula  CUSO4,  2H2O. 
At  100°  C,  CuS04,H.O  is  formed  and  at  red  heat  CuSO^.  The 
differences  in  weight  of  these  various  forms  of  copper  sulphate 
make  considerable  difference  in  the  anK)unt  required  to  make  a 
1  per  cent  solution  or  any  given  strength.  Thus  to  make  a  quart 
of  the  1  per  cent  solution  would  require  0.946  gm.  of  the  blue 
cr}'stals,  0.7-iT  gm.  of  the  blue  white  powder  formed  on  the  crys- 
tals b}-  efflorescence,  or  0.6  gm.  of  the  anhydrous  copper  sulphate 
formed  at  red  heat.  Hence  in  making  a  solution,  it  is  important 
to  know  what  strength  is  being  made,  and  one  should  use  only 
one  sort  of  copper  sulphate  to  insure  this.  The  copper  sulphate 
solution  resulting,  if  of  the  required  strength,  will  be  the  same, 
no  matter  what  form  of  the  salt  is  used. 

Nodular  worm  infestation  in  sheep  is  a  serious  disease,  which 
I  mention  only  to  express  the  opinion  that  we  have  not  as  yet 
established  a  really  satisfactory  treatment  for  it.  In  our  experi- 
ments in  the  Bureau  of  Animal  Industry,  Hall  and  Foster  found 
an  efficacy  of  IT  per  cent  for  chloroform  and  castor  oil,  16  per 
cent  for  gasoline  in  milk,  9  per  cent  for  chenopodium,  0.6  per 
cent  for  copper  sulphate  solution,  and  0  per  cent  for  powdered 
copper  sulphate  in  capsule,  and  petroleum  benzin  in  milk.  The 
presence  of  the  complex  ruminant  stomach  and  the  fact  that  the 
adult  nodular  worm  is  in  the  cecum  and  colon  remote  from  the 
mouth  are  facts  that  make  oral  medication  for  nodular  worm  a 
difficult  matter.  'Jhe  bulk  of  the  injury  due  to  the  worm  is  done 
in  the  larval  stage,  so  that  the  removal  of  the  adult  worm,  if 
accomplished,  probably  does  little  for  the  sheej),  unless  the  anthel- 
mintic treatment  is  part  of  an  eradication  program  contemplating 


adequate  i)r()])hylaxis  a>  well.  Rectal  medication  mii^lii  be  used 
for  the  removal  of  the  adult  worms,  but  this  is  a  slow  procedure 
and  less  apt  to  be  practical  than  oral  medication. 

Railliet  ( 1!)15)  notes  the  use  of  such  a  method  by  Brum])t.  A 
preliminary  dose  of  25-30  gms.  of  sulphate  of  soda  is  given  to 
the  sheep  to  render  the  stools  fluid.  This  being  accomplished,  the 
sheep  is  suspended  by  its  hind  legs  and  given  a  rectal  injection  of 
1-1 3^  liters  of  water  containing  a  thymol  emulsion  with  the 
thymol  at  the  rate  of  1  gm.  for  each  3-5  kilos  of  weight  of  sheep; 
the  anus  is  then  held  closed  and  the  abdomen  manipulated  in  such 
a  way  as  to  make  the  lavage  penetrate  and  rinse  out  the  intestine. 
This  method  is  perhaps  suitable  for  the  patient  workers  of  Europe 
with  their  sheep  scattered  in  small  flocks  over  many  holdings,  but 
it  is  not  well  adapted  to  the  American  tem])erament  or  the  large 
flocks  in  this  country. 

The  worm  which  is  most  generally  recognized  as  a  common 
drawback  to  swine-raising  is  the  ascarid.  These  worms  are  ex- 
tremely common  in  swine  and  are  often  present  in  large  numbers. 
They  are  large  worms  and  frequently  may  be  seen  in  the  intestines 
of  swine  at  abattoirs  in  such  numbers  as  to  distend  the  small  intes- 
tine, forming  a  sort  of  sausage  with  worms  for  the  stuffing.  In 
the  experiment  work  carried  on  at  Washington,  chenopodium  was 
found  superior  to  any  other  drug  for  the  removal  of  these  worms. 
Oil  of  chenopodium  may  be  used  in  about  this  dosage :  (jive  pigs 
1  mil  of  the  oil  for  every  25  ])ounds  of  weight  of  pig  up  to  8  mils, 
following  the  dose  immediately  by  a  purgative,  such  as  an  ounce 
of  castor  oil  for  animals  weighing  up  to  100  pounds,  and  double 
this  amount  for  those  weighing  over  100  pounds.  Be  sure  the  ani- 
mal is  fasted  a  full  24  hours  before  treatment  and  not  fed  for 
two  or  three  hours  after  treatment.  The  writer  has  seen  abundant 
evidence  of  the  necessity  for  observing  this  rule.  Restraint  for 
pigs  is  a  more  or  less  vexatious  problem,  but  Foster  found  that  he 
could  dose  1T6  hogs  in  an  8-hour  day,  the  animals  ranging  in  size 
from  young  pigs  to  large  boars  and  brood  sows.  We  dosed  pigs 
by  pulling  the  jaws  apart  with  two  loops  of  heavy  wire  or  rope. 
Another  method  which  is  used  is  to  put  one  end  of  a  short  ])iece 
of  old  rubber  garden  hose  in  the  pig's  mouth  and  pour  the  dose 
through  the  hose  as  the  pig  chews  on  it. 

While  on  this  topic  of  dosing  pigs,  the  writer  would  like  to 


again  express  the  idea  that  mineral  mixtures  and  stcKk  tonics  are 
inadequate  and  unsatisfactory  substitutes  lor  anthelmintic  treat- 
ment. Experiments  by  Foster  and  myself  in  the  Bureau  of  Animal 
Industrs"  convinced  us  that  mixtures  of  charcoal,  lime,  ashes,  iron 
sulphate  and  such  ingredients  were  of  no  value  in  removing  worms 
or  preventing  worm  infestation  in  swine,  Init  the  P)iu"eau  did  not 
see  tit  to  publish  our  conclusions.  The  reason  which  was  given  me 
for  this  was  that  these  mineral  mixtures  were  valua])le  in  the  bodily 
economy  of  the  ]>ig.  and  that  if  the  farmer  learned  that  they  did 
not  remove  wonns  he  might  quit  using  them.  This  reasoning  did 
not  appeal  to  me  at  the  time  and  does  not  appeal  to  me  at  this 
time.  If  a  farmer  wishes  to  feed  mineral  mixtures  for  the  value  of 
the  mineral  food  content,  he  should  do  so,  but  he  should  not  in- 
vest time  or  money  in  such  mixtures  for  the  purpose  of  clearing 
out  or  preventing  worm  infestations.  If  he  does,  he  allows  his  pigs 
to  remain  wormy  when  they  should  be  relieved  from  worms  and 
puts  money  into  something  he  may  not  need  or  want. 

In  the  same  category  as  the  mineral  mixture  are  most  of  the 
so-called  stock  tonics.  Of  these  products,  the  Michigan  Dairy  and 
Food  Department  says : 

'Tn  recent  years  agricultural  papers  have  been  filled  with 
advertisements  of  various  stock  tonics.  *  *  *  Wherever  care- 
ful exjierimental  trials  have  been  made  under  expert  and  dis- 
interested supervision  *  *  *  the  outcome  has  invariably  been 
that  the  use  of  condimental  feeds  as  feeds  was  problematical  and 
without  material  effect  on  production." 

The  products  are  about  as  ineffective  in  controlling  worms. 
I  fed  one  of  the  best  known  stock  tonics  to  a  10-kilo  dog,  giving 
1-^  doses  in  l(i  days,  tising  the  dose  for  a  HOO-pound  hog.  In 
tl'iat  period  the  dog  passed  17  per  cent  of  its  ascarids  and  no 
Dipylidium.  At  the  same  rate  it  would  have  required  3  months 
to  free  the  dog  of  its  ascarids.  Had  it  been  given  in  food,  as  it 
was  supposed  to  be,  it  would  have  been  much  less  effective. 
Another  well-known  stock  tonic  was  fed  to  a  10-kilo  dog  daily  in 
the  dose  for  a  lOU-pound  hog.  As  this  tonic  is  95  per  cent  com- 
mon table  salt,  the  dog  was  unable  to  keep  it  down,  so  after  3 
days'  vomiting  the  dose  was  cut  in  half,  and  given  daily  for  14 
days.  No  worms  were  passed,  and  the  treatment  was  a  failure. 
Another  tonic  for  hogs  was  given  to  a  14.5-kilo  dog,  in  the  Hose 


for  a  50-  to  T5-pound  pig,  giving  27  doses  in  32  days,  or  double 
the  number  said  to  be  necessar}-.  This  treatment  was  G  per  cent 
effective  against  ascarids  and  removed  no  Tcciiia.  To  be  sure, 
a  dog  is  not  a  hog,  but  the  evidence  as  to  anthehnintic  ineffective- 
ness is  none  the  less  relevant. 

Stock  tunics  must  be  safe  for  general  use.  Anthelmintics  are 
not  safe  for  general  use.  as  a  rule,  if  they  are  potent.  Hence, 
stock  tonics  seldom  contain  the  amounts  of  potent  anthelmintics 
necessary  to  accomplish  much. 

The  writer  has  been  testing  anthelmintics  on  dogs  for  three 
years  and  has  made  tests  on  400  dogs.  As  a  result  of  this  work, 
certain  anthelmintics  for  dogs  have  been  rather  firmly  estab- 
li.'^hed  as  satisfactory. 

The  dog  ascarids  may  be  easily  eliminated  by  the  use  of  oil 
of  chenopodium  administered  in  a  single  dose  of  0.1  mil  per  kilo 
of  weight  of  dog.  The  oil  may  be  given  without  enclosing  it  in 
a  capsule,  but  this  causes  a  lot  of  salivation,  a  very  tenacious 
.saliva  when  the  chenopodium  is  accompanied  by  castor  oil,  which 
is  the  way  it  should  be  given.  Hard  capsules  may  be  used  for  the 
oil,  or  the  .soft,  elastic  capsule.  In  my  experimental  work,  I  have 
found  the  soft  capsule  entirely  satisfactory  and  prefer  it  to  other 
forms  of  administering  the  drug.  I  use  the  dosage  given  by 
Hall  (191T)  when  administering  the  soft  capsules,  namely,  ~> 
minims  to  dogs  weighing  10  pounds  or  less  ;  10  minims  to  dogs 
weighing  10  to  20  pounds;  lo  minims  to  dogs  weighing  20  to  30 
pounds ;  not  to  exceed  20  minims  to  dogs  weighing  over  30 
pounds ;  and  for  toy  dogs,  cut  the  dose  to  2  or  3  minims.  Give 
an  ounce  of  castor  oil  to  dogs  other  than  toys,  and  give  toys  a 
half  ounce ;  give  the  castor  oil  immediately  after  the  chenopo- 
dium. This  is  important.  Chenopodium  is  toxic,  constipating, 
and  a  gastro-intestinal  irritant.  Castor  oil  slows  absorption  and 
distributes  it  over  a  larger  surface  of  the  gastro-intestinal  mu- 
cosa, and  it  promotes  elimination.  Dogs  can  be  given  double  the 
minimum  lethal  dose  of  oil  of  chenopodium  with  castor  oil  and 
will  survive,  as  Hall  (1918)  has  already  noted.  H  dogs  show 
symptoms  of  poisoning,  which  is  not  apt  to  be  the  case  when 
castor  oil  is  given  with  the  chenopodium,  give  more  castor  oil. 
The  following  are  contraindications  for  oil  of  chenopodium :  Se- 
vere acute  or  chronic  nephritis,  organic  heart  trouble  of  certain 
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types,  marked  cachexia,  severe  gastro-enteritis,  and  severe  in- 
fectious diseases,  especially  distemper.  Nephritis  is  extremely 
common  in  dogs,  as  we  know  from  such  work  as  that  of  IVIeyer 
(1011)  and  as  our  post-mortem  examinations  constantly  show. 
Xormal  kidnevs  are  scarce,  even  in  voung  do^s.  Meyer  notes 
that  Siehel  suggested  that  this  condition  was  i)rol)ably  a  seciuel 
to  distem]ier.  that  disease  which  seems  always  and  everywhere 
present  among  d(\gs.  'idie  large  amount  of  meat  in  a  dog's  diet 
may  predispose  to  nephritis.  Ordinarilv.  dogs  with  the  custom- 
ary chronic  nephritis  tolerate  oil  of  chenopodium  very  well,  but 
I  have  had  one  or  two  deaths  among  my  dogs  that  I  thought  were 
due  to  the  action  of  a  therapeutic  dose  of  chenopodium  in  causing 
an  intensit'ication  of  an  already  severe  nephritis.  Ziegler  (1917) 
regards  death  from  a  lethal  dose  as  due  to  acute  nephritis  ;  per- 
sonally. I  believe  death  is  due  to  a  combination  of  nephritis, 
gastro-enteritis  and  heart  depression. 

Organic  heart  trouble  in  dogs  is  rarely  recognized  or  even 
looked  for,  and  I  have  seen  no  cases  where  I  could  attribute  the 
death  of  an  animal  to  the  presence  of  such  a  condition,  but  the 
fact  that  chenopodium  acts  terminally  as  a  heart  depressant 
indicates  the  danger  in  this  quarter. 

Cachexia  in  dogs  is  apt  to  be  an  accompaniment  of  parasitism 
but  it  is  a  condition  that  calls  for  caution  in  the  use  of  an  anthe'- 
mintic.  I  have  had  a  number  of  deaths  occur  from  the  use  of 
therapeutic  doses  of  chenopodium  and  other  drugs  in  cachectic 
animals.  Such  animals  should  be  i)ut  on  a  nourishing  diet  before 
treatment,  but  if  it  is  necessary  to  administer  anthelmintic- 
immediately,  rise  one  which  is  not  a  gastro-intestinal  irritant,  if 
possible.  For  this  purpo-e  santonin  is  to  be  recommended.  San- 
tonin is  not  a  drug  which  gives  good  results  in  single-dose  treat- 
ments. Even  when  in  large  doses,  and  I  have  used  such  doses  as 
a  half-grain  for  every  pound  of  weight  of  dog.  santonin  cannot  be 
depended  on  to  remove  all  the  worms  present.  Tlie  correct  way 
to  use  santonin,  so  far  as  tests  indicate,  is  to  give  small  doses  daily 
for  a  number  of  days,  then  suspend  treatment  for  a  few  days, 
and  repeat  if  necessary.  I  find  experimentally  that  such  treat- 
ment can  be  depenrled  on  to  remove  ascarids  without  setting  up 
gastro-intestinal  irritation.  So  far  I  have  found  santonin  a  very 
safe  drug  when  given  with  an  equal  amount  of  calomel,  ancl   1 
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liave  yet  to  see  the  tir>t  fatality  from  this  combination.  I  gave 
one  (log  ()!  grains  of  santonin  and  an  equal  amount  of  calomel 
in  this  way  in  00  days  ;  the  animal  lost  some  weight  and  lost  hair 
around  the  eyes,  neck,  the  axill?e  and  inguinal  region  and  along 
the  abdomen,  but  seemed  in  good  health  otherwise.  Another  dog 
was  given  50^  grains  in  IS  days. 

Gastro-enteritis   is   a    contraindication    for   the   use   of    oil   of 
chenoj)odium    for    the  reason    that  the    oil  is  a    gastro-intestinal 
irritant.      Tt    is    a    condition    that    occasionally    complicates    dis 
temper. 

Dogs  sutfering  from  distemper  should  not  be  given  oil  of 
chenopodium.  The  bacterial  infection  overburdens  the  kidneys 
and  heart,  frequently  occasions  gastro-enteritis,  and  leads  in 
many  cases  to  cachexia.  Such  animals  do  not  tolerate  anthelmin- 
tic treatment. 

For  the  removal  of  whipworms  from  the  dog,  santonin  is  the 
best  drug  of  which  1  am  aware.  It  should  be  given,  as  noted  by 
Hall  (lOlT),  in  doses  of  a  grain  a  day  with  an  equal  amount  o* 
calomel.  I  think  it  is  safest  to  give  it  for  a  week,  then  suspend 
treatment  for  a  week,  then  re]:)eat  as  often  as  necessary.  Some 
experiments  along  this  line  are  given  here : 

Dog  No.  110.  a  mongrel,  weighing  13.6  kilos,  was  given  a 
grain  of  santonin  and  an  equal  amount  of  calomel  daily  for  a 
total  of  ()  grains  in  8  days.  The  dog  passed  no  worms  and  was 
found  to  have  2  whipworms  on  postmortem  examination.  The 
treatment  was  a  failure,  evidently  due  to  not  being  persisted  in. 

Dog  No.  Ill,  a  terrier,  weighing  10  kilos,  was  given  the  same 
treatment  for  a  total  of  6  grains  of  santonin  and  of  calomel  in  H 
days.  The  dog  passed  29  ascarids  the  second  day  of  the  treat- 
ment, 2  the  third,  1  the  fourth,  and  1  the  seventh.  On  post- 
mortem it  had  1  ascarid  and  1  whipworm.  It  will  be  noted  that 
1  ascarid  did  not  come  away  until  the  seventh  day  and  that 
another  was  still  present  post-mortem.  Had  the  treatment  been 
])ersisted  in.  it  would  have  removed  the  other  ascarid,  probably  in 
a  day  or  two,  and  the  whipworms  in  time. 

Dog  No.  108,  a  mongrel,  weighing  9.5  kilos,  was  given  san- 
tonin and  calomel  1  grain  each  daily  for  a  total  of  12  grains  of 
each  in  15  days.    The  third  day  of  treatment  the  dog  passed  the 
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posterior  portion  of  a  whipwonn  and  the  fourth  day  tlie  anterior 
portion.     On  post-mortem  the  animal  was  free  from  worms. 

Ooo-  Xo.  71.  a  s]\iniel  mongrel,  weii^diinij  12  kilos,  was  given 
1  grain  each  of  santonin  and  calomel  for  a  total  of  Gl  grains  in 
J)0  clays.  The  ninth  day  of  treatment  the  dog  passed  1  whipworm. 
Post-mortem  the  dog  had  32  hookworms  and  4  Dipylidiitiii ;  this 
confirms  the  dictum  that  santonin  is  of  no  value  against  hook- 
worms and  also  indicates  its  lack  of  tseniacidal  value,  so  far  as 
Dipylidium  is  concerned.  The  dog  lost  a  lot  of  hair,  as  already 
noted  above,  and  had  sores  around  its  nose,  but  it  was  very  active 
at  all  times. 

Dog  No.  120,  a  mongrel,  weighing  13.5  kilos,  was  given  5 
grains  each  of  santonin  and  calomel  daily  for  5  days,  and  then 
the  dose  lessened,  on  account  of  the  persistent  vomiting,  to  2^?,, 
3  and  3^/^  grains  daily  for  a  total  of  50^  grains  in  18  days.  On 
the  fourth  day  of  treatment  the  dog  passed  14  whipworms.  Post- 
mortem the  dog  was  free  from  worms.  This  experiment  and  the 
preceding  show  the  tolerance  of  the  dog  for  santonin,  when 
given  with  calomel,  and  also  the  need  for  persistent  treatment  in 
order  to  remove  whipworms. 

The  most  serious  of  the  intestinal  parasites  of  dogs  is  the 
hookworm.  Hall  and  Foster  (1918)  found  that  chloroform  at 
the  rate  of  0.2  mil  per  kilo,  mixed  with  an  ounce  or  so  of  castor 
oil,  had  an  efficacy  of  5)  per  cent  against  hookworm ;  oil  of 
chenopodium  at  the  rate  of  0.1  to  0.3  mil  per  kilo,  followed  im- 
mediately by  an  ounce  or  so  of  castor  oil,  or  given  with  castor 
oil,  had  an  efficacy  of  32  per  cent;  and  thymol  and  ca'omel,  m 
doses  of  0.298  to  1.752  gm.,  had  an  efficacy  of  15  per  cent.  In 
further  tests  of  chloroform  in  our  laboratory  at  Detroit,  I  have 
been  unable  to  obtain  as  high  efficacy  as  was  obtained  in  the 
wrrk  at  Washington.  However,  I  have  found  that  healthy  dogs 
have  a  considerable  tolerance  for  chloroform,  surviving  doses  not 
only  of  0.2,  0.3  and  0.4  mil  per  kilo,  but  also  of  O.GGG  mil,  1.0 
mil  and  2.0  mils  per  kilo.  I  have  been  told  by  a  physician  that 
he  has  given  chloroform  in  doses  of  a  lialf-ounce  to  an  ounce  to 
patients.  Alessandrini  only  uses  3-4  grams  for  man.  The  oral 
administration  of  chloroform  produces  an  acute  yellow  necrosis 
of  the  liver,  and  this  same  condition  is  present  and  responsible 
for  death  in  delayed  chloroform  poisoning  from  anesthesia.     The 
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condition  has  been  studied  and  described  by  \\'hii)ple  and  Si)erry 
(1909).  If  the  patient  survives,  the  necrosis  clears  up  in  from 
10  days  to  3  weeks,  leaving  a  practically  normal  liver.  One  of 
the  Detroit  dogs.  No.  88,  a  collie  mongrel,  weighing  1")  kilos,  was 
given  l)v  stomach  tube  30  mils  of  chloroform,  a  dose  rate  of  2 
mils  per  kilo,  in  40  mils  of  castor  oil.  Soon  after  dosing,  the  dog 
lay  down,  but  was  up  and  around  in  an  hour  and  showed  no 
.symptoms.  .\n  hour  and  a  half  after  dosing  the  dog  vomited, 
and  then  lay  down  for  a  half -hour.  After  that  the  dog  looked 
and  acted  entirely  normal.  Twenty-one  days  after  this  treatment 
the  dog  had  a  litter  of  T  pups,  and  at  least  one  of  these  imps 
was  alive  and  well  4  months  later.  Fifty-five  days  after  the 
chloroform  was  administered  this  dog  was  put  in  a  chloroform 
box  with  4  other  dogs.  The  other  dogs  died  inside  of  an  hour. 
This  dog  survived  the  same  atmosphere  for  almost  7  hours  and 
then  appeared  to  be  coming  out  of  the  anesthesia ;  more  chloro- 
form was  added  and  the  dog  presently  succumbed. 

Attempts  to  remove  hookworms  with  single  doses  of  oil  of 
chenopodium  did  not  meet  with  a  high  degree  of  success.  The 
repeated  administration  of  small  doses,  2-5  minims  daily  for 
several  days,  gave  good  results,  but  apparently  occasioned  some 
little  gastro-intestinal  irritation.  The  method  most  used  at 
present  in  the  removal  of  hookworms  from  man.  the  administra- 
tion of  3  doses  at  hour  intervals,  gave  the  best  results.  Some 
tests  of  this  mode  of  treatment  were  as  follows : 

Dog  No.  289,  a  hound,  weighing  21  kilos,  was  given  3  doses, 
each  dose  consisting  of  a  10-minini  solul)le  elastic  capsule  of  oil 
of  chenopodium.  followed  immediately  by  15  mils  of  castor  oil,  at 
hour  intervals,  the  last  dose  being  followed  an  hour  and  a  half 
later  by  4  mils  of  chloroform  in  15  mils  of  castor  oil.  The  fol- 
lowing dav  the  dog  passed  (Jl  hookworms  and  5  ascarids.  The 
animal  was  killed  the  fourth  day  and  found  to  have  10  hook- 
worms. The  treatment  was  therefore  86  per  cent  effective  against 
hookworms  and  100  per  cent  effective  against  ascarids. 

Dog  No.  301,  a  .spaniel  mongrel,  weighing  15  kilos,  was  given 
the  same  treatment,  except  that  no  castor  oil  was  given  with 
each  dose  of  chenopodium  and  the  chloroform  was  given  an  hour 
after  the  last  one  in  30  mils  of  castor  oil.  The  day  after  treat- 
ment the  dog  passed  33  hookworms  and   1   ascarid.     The  third 
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(lav  after  treatnuMii  tlu-  (Ihl;  was  found  dead.  (  )iie  hookworm  was 
touml  iMvst-niortciH.  The  iroatment  was  therefore  !)T  per  eent 
ettective  a5::ainst  hookworms  and  100  ])er  cent  effective  ai^ainst 
ascarids.  This  dog  was  in  a  late  stai^e  of  distemper  and  anthel- 
mintic treatment  was  contraindicated.  Nnrsinsj;  wonld  ])rol)ably 
have  saved  the  animal ;  the  anthelmintic  hastened  death. 

Dojj  No.  .'500,  a  wolfhoimd  mongrel,  weighing  18  kilos,  was 
given  o  doses,  each  dose  consisting  of  a  ."i-niinim  soluble  elastic 
capsule  of  oil  of  chenopodium,  at  hour  intervals,  followed  an 
hour  later  by  I  mils  of  chloroform  in  'M)  mils  of  castor  oil.  The 
next  day  the  dog  passed  3  hookw'orms.  'J'he  animal  was  killed 
the  fourth  day  after  treatment  and  found  to  have  3  hookworms, 
1  Physalof^tna.  and  l.')  Dipylidiuni.  llie  treatment  was  there- 
fore '■>()  per  cent  efifective  against  hookworms  and  0  per  cent 
efiEective  against  Physaloptcra  and  Dipylidium. 

Dog  No.  '<!n2,  a  hound,  weighing  14.5  kilos,  was  given  the 
same  treatment  as  Dog  No.  300,  except  that  each  5-minim  capsule 
was  accompanied  by  15  mils  of  castor  oil.  The  following  day  the 
dog  passed  23  hookworms  and  the  second  day  T  hookworms.  The 
animal  was  killed  the  fourth  day  and  found  to  ha\'e  1  hookworm 
and  2  Tcrnia  pisiforniis.  The  treatment  was  therefore  97  per 
cent  effective  against  hookworms  and  0  per  cent  effective  against 
Tcenia. 

Dog  No.  293,  a  collie  mongrel,  weighing  12  kilos,  was  given  3 
doses,  each  dose  consisting  of  a  10-minim  soluble  elastic  capsule 
of  oil  of  chenopodium,  at  hour  intervals,  the  last  dose  followed 
an  hour  later  by  15  gm.  Epsom  salts  in  sim]:)le  syrup.  The  next 
flay  the  dog  passed  2  hookworms  and  the  second  day  2  more 
hookworms,  'i'he  animal  was  killed  on  the  fourth  day  and  found 
free  from  parasites.  The  treatment  was  therefore  100  per  cent 
effective  against  hookworms. 

Dog  No.  294,  a  collie,  weighing  1!)  kilos,  was  given  the  same 
amount  of  chenopodium  in  the  same  way,  but  the  Epsom  salts 
were  omitted  and  one-third  of  a  grain  oi  cascarin  was  given  with 
the  first  and  third  doses  of  chenopodium.  Two  days  later  the 
dog  passed  2  hof)kworms  ancl  1  whipworm  and  4  days  later  passed 
1  more  hookworm.  The  animal  was  killed  the  fourth  day  and 
found  to  have  1  hookworm,  21  whipworms,  and  G  Tccnia  pisi- 
forwis.     The  treatment  was  therefore  T5  per  cent  effective  against 


hookworms.   .">   j)er  cent  effective  asj^ainst  whipworms,  and   0  per 
cent  effective  against  Tcenia. 

Dog"  No.  29!).  a  mastiff  mongrel,  weighing  15  kilos,  was  given 
3  doses  of  in  minims  of  oil  of  chenopodium  in  soluhle  elastic 
capsules  at  hour  inten^als,  each  dose  being  followed  by  the  feed- 
ing of  uncooked  meat,  to  ascertain  tlie  effect  of  the  ])resence  of 
food  on  the  efficacy  of  the  anthelmintic.  The  day  following  treat- 
ment the  dog  passed  3  hookworms  and  5  ascarids.  The  dog  was 
killed  the  fourth  day  and  found  to  have  5  hookworms.  The 
treatment  was  therefore  37.5  per  cent  effective  against  hook- 
worms and  100  per  cent  effective  against  ascarids.  The  presence 
of  food  lessened  the  efficacy  of  the  anthelmintic,  as  would  be 
expected. 

Dog  No.  309,  a  foxhound,  weighing  14  kilos,  was  given  3 
doses  of  10  minims  of  oil  of  chenopodium  in  soluble  elastic 
capsules  at  half-hour  intervals,  followed  a  half-hour  after  the 
last  dose  by  30  mils  of  castor  oil.  After  this  treatment  the  dog 
broke  out  of  its  cage  and  got  some  meat.  It  passed  no  worms 
and  was  killed  the  fifth  day  after  treatment.  Post-mortem  there 
were  22  hookworms  and  G  whipworms.  The  treatment  was  there- 
fore 0  per  cent  effective  against  hookworms  and  whipworms. 

Summarizing  the  foregoing,  it  appears  that  very  high  efficacy 
against  hookworms  in  the  dog  may  be  expected  from  the  use  of 
oil  of  chenopodium  in  3  doses  of  10  minims  each  for  average - 
sized  animals  or  larger  ones,  and  of  5  minims  each  for  smaller 
animals.  Even  the  latter  dose  is  too  large  for  toys,  and  should 
be  cut  down  according  to  the  size  and  condition  of  the  animal. 
The  chenopodium  seems  to  be  quite  effective  whether  given  alone 
or  with  15  mils  of  castor  oil  to  each  dose.  I  prefer  to  give  the 
castor  oil,  as  I  believe  it  adds  to  the  safety  of  the  animal  very 
materially.  The  hour  interval  seems  to  give  more  efficiency  than 
the  half-hour  interval.  Some  purgative  should  be  given  not  later 
than  an  hour  after  the  last  dose  of  chenopodium.  I  prefer  the 
soluble  elastic  capsule  to  other  forms  of  administration  of  the 
chenopodium  for  dogs.  It  is  convenient  and  effective,  so  far  as 
dozens  of  tests  on  dogs  show.  The  addition  of  chloroform  to  a 
final  dose  of  castor  oil  probably  aids  in  removing  additional 
worms. 

Treatment  for  hookworm  in  dogs  calls  for  considerable  judg- 
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nient.  Such  aniinals  already  ha\e  an  in-itated  intestine  due  to 
hookworm  petechiae.  and,  it  clinical  cases  of  uncinariasis  or  kennel 
anemia,  are  weak,  emaciated  and  anemic.  It  is  easy  to  kill  such 
dogs  by  anthelmintic  treatment.  Hookworms  are  difficult  to  re- 
move and  call  for  larger  doses  of  drugs  than  do  a.scarids.  They 
will  not  respond  to  such  drugs  as  santonin,  which  are  non-irritant, 
and  they  require  the  use  of  such  drugs  as  chenopodium.  chloro- 
form or  thymol,  all  of  which  act  more  or  less  as  gastro-intestinal 
irritants.  Under  these  conditions,  it  may  often  be  advisable  to 
combine  nursing  treatment  with  repeated  treatments  by  small 
doses  of  anthelmintic  at  intervals  of  two  weeks  or  so,  until  the 
removal  of  part  of  the  worms  and  the  nursing  put  the  animal 
in  shape  to  endure  the  relatively  drastic  treatment  necessary  to 
clean  out  the  infestation. 

The  worms  which  are  of  commonest  occurrence  in  cats  are  the 
ascarids.  These  set  up  substantially  the  same  chain  of  symptoms 
in  cats  as  in  dogs,  except  that  the  high-strung  nervous  system  of 
the  cat  predisposes  it  to  certain  nervous  disorders,  and  cats  in- 
fested with  worms  are  frequently  subject  to  "fits."  The  treat- 
ment I  have  used  and  found  successful  for  removing  these  worms 
is  to  give  the  cat  a  half-ounce  of  castor  oil  and  then  stick  a  ])in  in 
a  .")-minim  soluble  elastic  capsule  of  oil  of  chenopodium  and  squirt 
from  2  to  -i  minims  of  the  oil  against  the  roof  of  the  mouth, 
or  against  the  tongue.  This  is  safe  and  effective.  One  must  use 
these  small  doses  in  treating  cats  in  order  to  be  on  the  safe  side, 
as  they  are  twice  as  susceptible  to  poisoning  from  chenopodium 
as  are  dogs,  the  minimum  lethal  dose  per  kilo  being  only  half  as 
large. 

The  common  nematodes  of  poultry  are  the  heterakids,  includ- 
ing the  large  Ascaridia  of  the  small  intestine  and  the  small 
Heterakis  of  the  cecum.  I  have  nothing  to  add  here  to  the  find- 
ings reported  by  Hall  and  Foster  (1.)18),  who  found  an  efficacy 
against  Ascaridia  of  76  per  cent  for  turpentine  in  2-mil  doses. 
mixed  with  an  equal  amount  of  olive  oil  and  followed  immedi- 
ately by  8  mils  of  castor  oil,  and  an  efficacy  of  HO  per  cent  for  oil 
of  chenopodium  in  a  dose  of  0.3  mil  mixed  with  3  mils  of  castor 
oil  and  preceded  by  2  mils  of  castor  oil,  and  an  efficacy  against 
Heterakis  of  19  per  cent  for  chopped  tobacco  stems  soaked  in 
water  and  mixed  with  feed. 
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A  consideration  of  the  fores^oing  shows  that  in  the  present 
state  of  our  knowledi^e  our  best  anthehnintics  for  certain  pur- 
l)oses  are  oil  of  chenopodium.  which  is  perhai)s  the  most  valuable 
anthelmintic  known  ;  santonin,  valuable  where  repeated  doses  are 
desired  and  gastro-intestinal  irritation  must  be  avoided  ;  turpen- 
tine, which  acts  in  some  respects  like  a  weaker  oil  of  chenopodium  ; 
co])])er  suhihate,  valuable  in  the  ruminants,  where  its  emetic 
action  is  not  manifested;  and  tobacco,  which  seems  to  be  adapted 
1m  the  jieculiar  task  of  removin,<^"  heterakid^  from  the  ceca  of 
poultry. 
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Cliloretone  is  one  of  the  few  organic  drugs  which  (after 
its  administration  to  an  animal)  persists  as  such  in  the  fluids 
and  tissues  of  the  body  for  any  length  of  time  after  being  ab- 
sorbed, while  its  slight  solubility  in  water,  its  volatility  with 
steam,  its  comparative  stability,  and  its  property  of  forming 
needle-like  crystals  make  it  possible,  under  certain  condi- 
tions,  to  recognize   it   readily. 

In  a  previous  article  {Journal  of  Biological  Chemistry,  1U18, 
xxxiv,  2(y^^ )  I  have  given  a  method  for  detecting  small 
quantities  of  chloretone,  either  alone  or  when  associated  with 
substances  that  interfere  to  a  certain  extent  with  its  recog- 
nition, and  which  lends  itself  admirably  to  the  detection  of 
chloretone  in  the  fluids  and  tissues  of  the  body  where  few  if 
any  disturbing  factors  are  ])resent. 

In  the  stomach  or  intestinal  content,  in  the  urine,  or  in 
certain  tissues  that  grind  up  to  a  fine  pulp,  it  is  only  neces- 
sary to  pass  steam  through  them,  but  in  certain  tissues,  for 
example,  the  blood  or  serum,  it  is  necessary  to  subject  them 
to  a  preliminary  digestion  with  pepsin  hydrochloric  acid 
before  distilling  with  steam,  since  coagulation  takes  place, 
and  the  small  amount  of  chloretone  usually  present  may  be 
prevented   from  passing  over  with   the  steam. 

The  chloretone  may  be  administered  through  the  stomach 
in  the  form  of  tablets,  crystals  or  capsules,  or  intraperitoneally, 
dissolved  in  water,  oil.  alcohol,  etc.  Both  methods  of  admin- 
istration   may   be    employed,   but    regardless    of    method    em- 
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ployed,  tho  animal  passes  under  the  influence  of  the  drug 
very  quickly,  the  rapidity  of  action  being  determined  by  the 
method  of  administration,  the  condition  of  the  dog,  etc.  The 
saturated  aqueous  solution  in  sufficient  quantity  works  quite 
rapidly  when  given  through  the  stomach,  the  rapiditv  Ijeing 
influenced  by  the  (piantity  of  food  in  the  stomach,  as  well 
as  other  factors. 

In  the  experiments  carried  out  the  dose  usually  exceeded 
considerably  the  IM.L.D.  of  0.25  gm.  per  kilo.  The  smallest 
dose  given  was  0.13  gm.,  the  largest  2  gm.  per  kilo  of  body 
weight.  Since  the  dogs  were  to  be  killed  eventually,  an 
excessive  dose  could  be  given  without  danger,  as  the  animals 
would  live  a  number  of  hours  even  after  the  administration 
of  a  large  excess  of  the  drug. 

Although  chloretone  has  been  recognized  in  the  fluids  and 
tissues  of  the  body  only  when  comparatively  large  doses  have 
been  given,  it  is  to  be  presumed  that  it  is  present  and  could 
be  detected  when  small  doses  were  employed.  l)ut  then  only 
in  those  organs  that  have  an  apparent  affinity  for  the  drug. 

Briefly,  the  general  method  of  procedure  consists  in  admin- 
istering to  the  animal,  according  to  weight,  a  sufficient  amount 
of  the  drug  to  produce  complete  anesthesia,  waiting  usually 
from  two  and  a  half  to  three  and  a  half  hours  (in  some  cases 
longer),  bleeding  from  the  carotid  artery  (saving  the  defibri- 
nated  blood),  perfusing  with  saline  in  order  to  wash  out  the 
remaining  blood  so  far  as  practicable,  removing  the  organs, 
reducing  them  when  necessary  to  a  fine  pulp,  digesting  if 
necessary  with  pepsin  HCl,  subjecting  to  steam  distillation, 
boiling  distillate  (using  a  return  flow  condenser),  and  exam- 
ining the  lower  third  of  the  cooled  portion  of  the  condenser 
for  the  typical  needle-shaped  crystals  of  chloretone. 

Although  it  may  not  be  necessary  always  to  subject  the 
pulp  to  steam  distillation,  or  to  a  preliminary  digestion  with 
pepsin  hydrochloric  acid,  it  is  advisable  to  do  this  in  order 
to  detect  the  smaller  amounts  of  the  flrug.  When  needle- 
shaped  crystals  are  noted  near  the  crest  of  the  condensing 
steam,  or  in  the  cooled  condenser,  becoming  evident  some- 
times only  after  removal  of  the  flame,  the  presence  of  chlore- 
tone is  positive. 
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The  amount  of  chloretone  present  has  been  estimated  by 
comparative   tests  and   is  only   an   approximation. 

The  following-  fluids  and  tissues  have  been  examined  : 
blood,  brain,  bile,  heart,  intestine  and  contents,  kidneys,  liver, 
lungs,  muscle,  pancreas,  spinal  cord,  spleen,  stomach  and 
contents,  urine,  and  vagus  nerves. 

One  fact  stands  out  very  ])ruminently :  the  nervous  tissue 
nearly  without  exception  contains  chloretone  in  varying 
amounts ;  while  it  is  very  frequently  absent  from  the  other 
tissues,  and  this  would  lead  us  to  the  supposition,  which  has 
been  inferred  but  never  proved  relative  to  this  hypnotic,  that 
the  nervous  tissue  has  an  affinity  for  it. 

The  greater  part  of  the  experimental  work  which  ftjjlows 
was  carried  out  a  number  of  years  ago  when  chloretone  was 
first  marketed  as  a  hy^pnotic  and  anesthetic ;  but  this  work 
was  not  published  at  that  time.  Recently,  owing  to  the  wide 
use  of  the  drug  and  the  consequent  new  interest  aroused  in 
it,  it  was  thought  opportune  to  publish  this  older  data,  together 
with  some  recent  experimental  work. 

Experimental 
A.   Recent  Work 

1.  Weight  of  dog  13.5  kg.  (Chloretone  administered  intraperitoneally.) 
Sixteen  c.c.  of  a  40  per  cent  alcoholic  solution,  or  6.4  gm.,  given  (0.47  gm. 
per  kilo).  Dosed  8:00  a.  m.  (11/8/17),  going  under  in  y>  hour.  Bled  at 
8:30,  11/9/17,  80  c.c.  of  blood  being  obtained.  Organs  removed  10:15  a.  m., 
nearly  26  hours  after  the  administration  of  the  drug. 

The  liquids  (blood,  stomach  contents,  and  urine)  were  tested  directly 
by  placing  in  a  suitable  flask  and  passing  steam  through  them.  When  about 
100  c.c.  of  distillate  had  passed  over,  it  was  boiled  over  a  free  flame,  using 
a  return  flow  condenser.  The  solid  tissues  were  ground  very  fine  by  either 
passing  through  a  grinder  or  rubbing  up  with  sand  in  a  mortar  and  dis- 
tilled with  steam,  etc. 

It  will  be  noted  in  this  experiment  that  the  dog  died  26  hours  after 
the  administration  of  the  drug.     Presumably  most  of  it  had  been  destroyed. 

(1)  Brain   (wt.  46  gm.)  Positive    (slight  trace) 

(2)  Blood   (80  c.c.  dcfibrinated)  Negative 

(3)  Fibrin 

(4)  Liver 

(5)  Lungs  " 

(6)  Spleen 

(7)  Stomach  contents  " 

(8)  Urine  Very   slight   trace    (?) 
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II.  Weight  of  dog  8  kg.  Chloretunc  given  per  stomach;  3.2  gm.  of 
chloretone  given  in  capsules  at  1:45  p.m.;  at  4  p.m.  2  gm.  given  in  40  per 
cent  alcohol,  intrapcritoneally.     (O.Go  gm.  per  kilo.) 

At  4:10  P.M.  dog   bled   from  carotid  artery    (blood  defibrinated ).     Or- 
gans removed  two  and  a  half  hours  after  administration  of  drug. 
Method  of  procedure  same  as  in  I. 

(1)  Brain  (wt.  72  gm.)  Positive   {]/>  mg.) 

(2)  Blood   (defibrinated)    (;100  c.c.)    Negative 

(3)  Kidneys  Positive  (%  mg.) 

(4)  Liver  Negative 

(5)  Lungs  " 

(6)  Spleen  (enlarged)  " 

(7)  Stomach  contents  Positive   (30  mg.) 

(8)  Urine  Negative 

III.  Weight  of  dog  7.5  kg.  Chloretone  given  per  stomach;  7..")  gm. 
given  in  capsules  at  10:10  a.m.     (1  gm.  per  kilo.) 

Dog  was  completely  under  one  hour  later,  and  3^1.  hours  later  was 
bled  from  the  carotid  artery,  250  c.c.  of  blood  being  taken.  Warm  saline 
solution  was  introduced  into  the  femoral  vein  until  1200  c.c.  had  passed 
through  and  the  wash  collected  from  the  carotid  artery. 

Organs  removed  3^^  hours  after  administration  of  the  drug. 

The  stomach  contents  and  the  urine  were  distilled  directly ;  the  remain- 
ing organs  were  ground  up  and  digested  with  pepsin  HCl  (250  c.c.)  for 
two  days.    Badly  decomposed. 

The  absence  of  any  chloretone  in  all  of  the  digested  products  is  attrib- 
uted to  the  fact  that  the  flasks  being  insecurely  corked  allowed  the  chloretone 
to  escape,  and  putrefaction  to  take  place. 


(1)   Brain 

74  gm. 

Negative 

(2)   Blood 

150  c.c. 

(3)   Heart 

41  gm. 

(4)   Kidneys 

21  gm. 

(5)   Liver 

240  gm. 

(6)   Lungs 

67  gm. 

(7)    Spleen 

18  gm. 

(8)    Stomach   contents 

50  c.c. 

Positive 

(9)   Urine 

60  c.c. 

Negative 

IV.  Weight  of  dog  11.5  kg.  Chloretone  given  per  stomach;  3  gm.  of 
chloretone  in  aqueous  solution  and   suspension  given  at   10:20  a.m. 

At  10:30  A.M.  5  gm.  of  chloretone  in  capsules  given   (0.7  gm.  per  kilo). 

Dog  gradually  became  completely  anesthetized,  and  3  hours  after  the 
last  dosing  was  bled  and  perfused  w'ith  about  two  liters  of  saline  solution. 
Dog  died  and  autop.sy  showed  that  pressure  of  the  perfusing  fluid  had  been 
so  great  that  it  had  caused  a  severe  pulmonary  hemorrhage. 

Organs  removed  3  hours  after  administration  of  drug.  The  urine  and 
stomach  contents  distilled  at  once;  the  organs  digested. 

(1)  Brain  Positive  (50-100  mg.) 

(2)  Blood  Negative 

(3)  Heart  V^ery  slight  trace 

(4)  Kidneys  Positive  (very  slight  trace) 

(5)  Liver  Negative  (accident) 

(6)  Lungs  Positive  (very  slight  trace) 

(7)  Spinal  cord  Positive   (5-10  mg.) 

(8)  Spleen  Very  slight  trace 

(9)  Stomach  contents  Positive   (300  mg.) 
(10)  Urine  Negative 
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V.  Weight  of  dog  9^/^  kg.  Chloretone  administered  per  stomach;  o 
gm.  given  in  aqueous  alcoholic  suspension  (250  c.c. )  by  means  of  a  stomach 
tube.     (0..!.")  gm.  per  kilo.) 

Was  blod  from  the  carotid  artery,  just  three  hours  after  being  dosed. 
The  brain,  .spinal  cord,  and  the  vagi  nerves  were  removed  three  hours  after 
administration  of  the  drug  and  ground  up  with  sand  and  each  digested  witii 
250  c.c.  of  pepsin  HCl  for  Ki  hours  in  incubator  at  37°  C.  Worked  up  in 
the  usual  way. 

(1)  Brain  Positive  20  mg. 

(2)  Nerves   (vagi)  "  trace 

(3)  Spinal  cord  "  5  mg. 


B.    Older  Work 

\'I.  Weight  of  dog  7  kg.  Chloretone  given  per  stomach;  300  c.c.  of 
aqueous  chloretone  solution  0.8  per  cent  or  2.4  gm.  given  (0.33  gm.  per  kilo). 
Went  under  in  1  hour.  At  the  end  of  2  hours,  dog  bled  from  the  carotid 
artery  (portion  of  blood  saved)  and  an  unsuccessful  attempt  made  to  wash 
out  the  residual  blood  from  the  body  with  saline  solution. 

Contents  of  stomach  and  intestine  (upper  part)  were  tested  directly. 

The  organs  were  removed,  washed  to  free  them  as  much  as  practicable 
from  blood,  and  then  ground  up  and  digested  several  days  with  pepsin  hydro- 
chloric acid.  500  c.c.  of  0.4  per  cent  HCl  and  2  gm.  of  pepsin  (1:3000) 
being  used  in  each  case. 


(1)   Brain 

30  mg.  estimated 

(2)   Blood 

40     " 

(3)   Heart 

5 

(4)   Kidneys 

Slight  trace 

(5)   Liver 

"          " 

(6)   Lungs 

None 

(7)   Muscle 

Slight  trace 

(8)    Spleen 

"          " 

(9)   Stomach 

contents 

500  mg. 

(10)    Intestinal 

contents 

400  mg. 

Vn.  Weight  of  rabbit  ^  kilo.  Chloretone  given  per  stomach;  1.5  gm. 
of  chloretone  given   (2  gm.  per  kilo).     Animal  died  soon  after. 

Brain  removed  and  freed  of  blood  as  much  as  possible  by  washing  in 
water. 

Digested  in  pepsin  HCl  solution  for  5  days.  Treated  in  the  usual  way 
with  steam,  etc. 

Brain  10  mg. 

VHL  Weight  of  dog  6  kg.  Administered  per  stomach;  100  c.c.  of 
0.8  per  cent  chloretone  solution  given,  or  800  mg.  (0.13  gm.  per  kilo).  After 
2  hours  cannula  was  inserted  into  carotid  artery  and  blood  washed  out  as 
far  as  feasible  from  head  and  brain  and  the  latter  placed  in  refrigerator 
over  night. 

One-half  of  the  brain  was  reduced  to  a  pulp;  distilled  with  steam,  etc. 

The  other  half  was  reduced  to  a  pulp  and  digested  with  pepsin  HCl 
(1  gm.  pepsin  1:6000)   for  4  days. 

(1)  Brain    (direct)  Negative 

(2)  "       digested  40-60  mg. 
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IX.  Wci.nlit  of  (log  11  kg.  Cliloretonc  given  per  stomach;  150  c.c.  of 
O.S  per  cent  diloretone  solution  given:  lK>  hours  later  2r)()  c.c.  more  given; 
finally  16  hour  later  2.">0  ex.,  (>  gni.  in  all  (().."),")  per  kilo). 

(1)  Brain  Crystals  of  chloretone  10  mg. 

(2)  Blood  Negative 

(3)  Heart 

(4)  Kidneys  " 

(5)  Lungs  " 

X.  Weight  of  dog  22K'  kg.  Given  per  stomach.  Twenty  3-grain 
chloretone  tahlets  and  500  c.c.  of  a  0.8  per  cent  solution  of  chloretone,  8 
gm.  in  all   (0.,'!5  gm.  per  kilo). 

In  half  an  hour  dog  was  completely  under.  Bled  from  carotid  artery 
(200  c.c.  blood  obtained).     Stomach  and  bladder  removed. 

(1)  Blood  Positive 

(2)  Stomach  contents  " 

(3)  Urine  Negative 

XI.  Weight  of  dog  6.4  kg.  Chloretone  administered  per  stomach; 
320  c.c.  of  0.8  per  cent  chloretone  solution  or  2.56  gm.  total  (0.4  gm.  per 
kilo).     Killed  after  2  hours. 

Removed  organs  after  washing  out  with  saline  solution. 

(1)  Brain  10  mg. 

(2)  Blood  3-4  mg. 

(3)  Heart  2  mg. 

(4)  Intestinal  wall  Negative 

(5)  Intestinal  contents         0.5  mg. 

(6)  Kidneys  5  mg. 

(7)  Liver  10  mg. 

(8)  Lungs  1  mg. 

(9)  Pancreas  Negative 

(10)  Spleen  Negative 

(11)  Stomach  5  me. 

(12)  Stomach  contents  150  mg. 

(13)  Urine  Negative 

XII.  W'eight  of  dog  i)  kg.  Chloretone  administered  per  stomach;  350 
c.c.  of  0.8  per  cent  chloretone  solution  or  2.6  gm.  (0.29  gm.  per  kilo)  given. 
Killed  after  iH  hours. 

Brain  removed  and  worked  up  in  the  usual  manner.     One-half  distilled 
direct  with  steam;  the  other  half  distilled  after  digestion  with  pepsin  HQ. 
Blood  and  urine  were  also  tested. 

(1)  Brain  50  mg.  (100  mg.  total) 

(2)  Brain    (digested)  2.3  mg. 

(3)  Blood  (digested)  5  mg. 

(4)  Urine  tested  for  acetoneNegative 

XIII.  Weight  of  dog  9  kg.  y\dministered  per  stomach.  Had  been  used 
for  digitalis  work.  Two  hundred  fifty  c.c.  of  chloretone  solution  0.8  per 
cent  given,  or  2  gm.   (0.22  gm.  per  kilo).     Killed  after  3^/4  hours. 

Brain  divided  into  two  portions  and  treated  in  the  usual  manner. 
Heart  and  muscle  also  tested  after  digestion. 

(1)  Brain   (digested)  2-3  mg.  (4-6  mg.  total) 

(2)  Brain   (undigested)  Negative 

(3)  Heart  (digested) 

(4)  Muscle  (digested)  1  mg. 
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XIV.  VV't.  of  dog  !»  kg.  Administered  per  stomach.  Had  been  used  for 
digitalis   work. 

Three  hundred  seventy-five  c.c.  of  chloretone  sohition  0.8  per  cent 
given;  250  c.c.  given  at  first,  did  not  go  under;  later  12.j  c.c.  given  (0.33 
gm.  per  kilo).  Went  under  then  in  a  few  minutes.  In  about  5  hours  brain 
removed,  ground  fine,  and  divided  into  two  portions — one  portion  was  di- 
gested in  the  usual  manner ;  the  other  portion  was  treated  at  once. 


(1)  Brain  (digested) 

(2)  Brain    (undigested) 


Positive  5  mg.   (10  mg.  total) 
Negative 


XV.  Gave  dog  chloretone  in  aqueous  solution  0.8  per  cent  0.2  gm.  per 
kilo  of  body  weight  (per  stomach).  Killed  two  hours  after  administration 
by  bleeding.  Blood  washed  out  of  circulatory  system  by  saline  solution 
before  removal  of  organs.  Organs  washed  also  after  removal.  Blood  was 
saved  and  tested  for  chloretone. 

Organs  ground  fine  and  digested  for  48  hours  in  500  c.c.  of  water  -(-  5 
c.c.  HCl  (con.)  and  2  gm.  of  pepsin  U.  S.  P.  at  a  temperature  of  38°  to 
40°  C.  Each  digestive  mixture  was  distilled  with  steam,  etc.,  in  the  usual 
way. 


Wkight  Gm. 

Chloretone 

(1)   Brain 

59 

20-30  mg. 

(2)   Blood 

Negative 

(3)   Bile 

Mere  trace 

(4)    Heart 

85 

10  mg. 

(5)    Intestinal 

walls 

100  mg. 

(6)   Intestinal 

contents 

30  mg. 

(7)   Kidnevs 

50 

10  mg. 

(8)   Liver 

234 

Negative 

(9)   Lungs 

120 

100  mg. 

(10)    Pancreas 

Negative 

(11)    Spleen 

37 

5  mg. 

(12)    Stomach 

20  mg. 

(13)    Stomach 

contents 

1900  c.c. 

250  mg. 

(14)   Urine 

Negative 

Gave  dog  same  amount  as  in  KV.  all  conditions  same. 

(1)   Brain 

20-30  mg. 

(2)   Blood 

Negative 

(3)    Bile  (did 

not  save) 

(4)    Heart 

10  mg. 

(5)   Intestinal 

wall 

100  mg. 

(6)   Intestinal 

contents 

10  mg. 

(7)   Kidnevs 

10  mg. 

(8)   Liver 

Slight  trace 

(9)   Lungs 

Negative 

(10)    Pancreas 

" 

(11)    Spleen 

5  mg. 

(12)    Stomach 

2  mg. 

(13)    Stomach 

contents 

300  mg. 

(14)    Urine 

Negative 

XVII.  Weight  of  dog  8.2  kg.  Administered  per  stomach;  continual 
dosage.  Four  tablets  daily  (.'!  grains),  2  in  morning  and  2  in  afternoon,  or 
total  of  60  grains  =  4  gm.     (0.50  gm.  per  kilo). 
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Datk 

W'kight 

PULSK 

Ti:mi'. 

DOSK 

Rkmakks 

6/29  A.M. 

8200  gm. 

96 

103.2 

6  gr. 

r.M. 

8640     " 

132 

101.4 

" 

6/30  A.M. 

" 

144 

101.4 

" 

P.M. 

1;)6 

101.0 

" 

7/1       A.M. 

<i()'.)()     •■ 

168 

101.2 

" 

P.M. 

168 

" 

7/3      A.M. 

8640     " 

120 

99.8 

Weak,  does  not  eat, 

P.M. 

7730     " 

168 

104.4 

7/5      A.M. 

6000     " 

136 

100.0 

■' 

Docs  not  stand. 

P.M. 

6400     '• 

101.4 

'• 

7/6      A.M. 

Found  dead. 

rOST-.MOUTKM. 

Dog  had  been  dead  overnight  and  it  was  consequently  difficult  to  dis- 
tinguish anything  abnormal  during  life  from  i)ost-mortem  signs.  Bladder 
greatly  distended,  containing  240  c.c.  of  urine.  Acid  in  reaction.  Sp.  g. 
1.030.  Cloudiness,  probably  mucus  or  phosphates.  The  organs  were  ground 
up  and  treated  in  the  usual  way  after  digesting  with  pepsin  HCl. 


(1)   Brain 

1  mg. 

(2)   Blood 

Negative 

(3)   Heart 

Very  slight  trace 

(4)   Kidneys 

Trace 

(5)   Liver 

Spoiled,  not  wf)rked  up 

(6)   Lungs 

"           "           "         " 

(7)    Spinal  cord 

Negative 

(8)   Spleen 

" 

(9)    Stomach 

contents 

1  mg. 

(10)   Urine 

Negative 

XVIIL  Weight  of  dog  o.o  kilo.  Chloretone  given  per  stomach;  300 
c.c.  chloretone  solution  0.8  per  cent.  Anesthetized  in  5  minutes.  Was  killed 
at  the  end  of  two  hours  b\-  bleeding.  Blood  saved  and  organs  removed  from 
the  body  and  freed  from  blood,  so  far  as  possible,  by  washing  first  with 
saline  and  then  with  hydrant  water.  Digested  with  pepsin  HCl  for  a  few 
days. 


(1)   Brain 

20-30  mg 

(2)    Blood 

::o  mg. 

(3)    Heart 

1   mg.  _ 

(4)   Intestinal   contents 

Xetiative 

('>)   Kidneys 

3-4  mg. 

(6)   Liver 

Netrative 

(7)   Lungs 

I  mg. 

(8)    Spinal  cord 

? 

(9)    Spleen 

? 

(10)    Stomach  contents 

30  mg. 

(11)    Urine 

Negative 

XIX.  Weight  of  dog  11  kilo.  Chloretone  given  per  stomach;  600  c.c. 
of  chloretone  solution  0.8  per  cent  given,  or  4.8  gm.  (0.44  gm.  per  kilo)- 
Anesthetized  in  '>  minutes.  Remained  under  all  day,  sleeping  (juietly.  Killed 
6^  hours  after  drug  was  given.  Bled  from  carotid  artery  and  vascular 
system  w-ashed  out  with  several  gallons  of  normal  saline  solution.  Dog 
was  still  breathing  while  perfusion  was  carried  on.  The  organs  were  thus 
quite  thoroughly  washed  free  from  blood.     The  following  organs  were  re- 


89 

moved,  further  washed  witli  saline  solution  and  toted  for  chloretone.     Each 
organ  was  cut  into  small  pieces  and  digested  with  pepsin  HCl. 

It  was  thought  that  washing  out  the  organs  removed  the  chloretone, 
still  there  was  no  chloretone  found  in  blood  before  washing,  or  the  drug 
ma)-  have  been  eliminated  in  6^4  hours.  The  organs  ivcrc  incompletely 
digested. 

(1)  Brain  Negative 

(2)  Blood  Negative 

(3)  Heart  Negative 

(4)  Kidneys  Negative 

(5)  Liver  Negative 

(6)  Lungs  Slight  trace  (?) 

(7)  Spinal  cord  Negative 

(8)  Spleen  Negative 

(9)  Stomach  contents  Negative 
(10)  Urine  Negative 

The  presence  or  absence  of  chloretone  in  the  summary 
table  is  indicated  by  the  plus  (-]-)  or  minus  ( — )  sign.  Where 
the  space  is  blank  the  organ  was  not  tested ;  and  where  a 
positive  sign  is  followed  by  a  number  the  latter  indicates  the 
estimated  amoinit  of  chloretone  in  mg..  while  the  letter  (t) 
or  a  question  mark  (  ?)  indicates  a  trace  or  a  questionable 
trace.  In  the  fifth  column  the  letter  p  following  "bled"  shows 
that  the  animal  was  perfused ;  while  in  the  fourth  column 
"time  elapsed"  is  the  time  intervening  between  the  com- 
mencement of  administration  and  the  death  of  the  animal. 
In  II  the  drug  was  administered  per  stomach  and  intraper- 
itoneally ;  in  I  intraperitoneally  only;  in  all  others  per  stom- 
ach. 

An  examination  of  the  table  shows  that  chloretone  is 
uniforiTily  present  under  \arying  conditions  in  the  brain  and 
in  larger  amounts  and  more  constantly  than  in  any  other 
organ  of  the  body,  where  the  organ  is  taken  in  its  entirety, 
there  being  all  the  way  from  a  trace  to  100  mg.  or  an  average 
of  about  24  to  25  mg. 

When  this  measure  is  applied  to  the  other  organs  and 
fluids  we  find  the  brain  contents  is  only  exceeded  by  the 
intestine  and  intestinal  and  stomach  contents.  Here  we 
would  naturally  expect  to  find  an  abundance  of  the  drug 
(when  given  per  stomach),  depending  on  the  amount  admin- 
istered, the  length  of  time  before  the  animal  is  killed,  etc. 
Leaving  these  latter  out  of  consideration,  we  find  that  the 
brain   contains   several   times   as   much   as   the    other   organs. 
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Summary 


DOGS    WT.  IN    DOSE   TIME    MANNER    DK.ESTED 
KILO      PER  ELAPSED       OF  WITH 

KILO    HOURS    DEATH        PEPSIN 


BLOOD 
BHAIN     DEFIBRI-   FIBRIN    GALL 

NATED 
MG.  MG.  MG.  MG. 


IN-  IN- 

TES-        TES- 
TINE    TINAL 
HEART     (UPPEH    CON- 
PART)     TENTS 
MG.         MG.         MG. 


I 

13.5 

0.48 

26.0 

Died 

No 

+t 

—           — 

II 

8 

0.65 

2.5 

Bled 

" 

-fO.5 

— 

III 

7.5 

1.00 

3.5 

" 

Yes 

— 

— 

+t 

IV 

11.5 

0.70 

3.0 

■■  P 

•' 

+100 

— 

V 

9.5 

0.53 

3.0 

Bled 

" 

+20 

— 

+5 

+400 

VI 

7.0 

0.33 

2.0 

" 

+30 

+40 

VII 

0.75 

2.00 

1.0 

+10 

VIII 

6.0 

0.13 

2.0 

Bled 

" 

+60 

— 

IX 

11.0 

0.54 

2.0 

+10 

— 

X 

22.0 

0.35 

0.5 

'• 

+ 

+2       - 

-       +0.5 

XI 

6.4 

0.40 

2.0 

"  P 

+10 

+4 

XII 

9.0 
9.0 

0.31 

1.5 

Yes 

+100 

+5 

— 

XIII 

0.22 

3.5 

" 

+3 

— 

XIV 

9.0 

0.50 

5.0 

" 

+10 

+t 

+10  +100 

+30 

XV 

0.20 

2.0 

Bledp 

•• 

+30 

— 

+10  +100 

+10 

XVI 

0.20 

2.0 

"      " 

" 

+30 

— 

+t 

XVII 

&.2 

0.50 

84.0 

" 

+1 

— 

+1 

XVIII 

5.5 

0.43 

2.0 

Bledp 

" 

+30 

+20 

— 

XIX       11.0    0.44       6.5  "     " 

Average  number  of  mg.  found 


24-25      4.9 


0      2.5       66.     90.1r 


Perfusion  does  not  apparently  lower  the  chloretone  content 
of  the  organs. 

In  most  of  the  experiments  the  organs  were  digested  with 
pepsin  hydrochloric  acid,  and  this  procedure  usually  increased 
the  amount  of  chloretone  obtained.  The  only  exceptions  are 
found  in  III  and  XIX,  where  decom])osition  had  taken  place 
during  digestion  in  the  former,  and  where  incomplete  diges- 
tion was  found  in  the  latter.  In  one  instance  (XII),  the  half 
of  the  brain  digested  contained  less  chloretone  than  the  half 
undigested. 

It  will  be  noted  that  in  I  only  a  trace  of  the  drug  was 
found  in  the  brain  and  none  in  the  other  organs.  Since 
the  organs  were  removed  26  hours  after  dosing,  it  is  to  be 
presumed  that  the  chloretone  had  been  destroyed  or  elim- 
inated. 

In  II  a  portion  of  the  drug  was  given  intra]:)eriti)neally 
dissolvefl  in  alcohol,  and  its  presence  in  only  a  small  amount 
CO. 5  mg.)  in  the  brain  after  2J/2  hours  is  explained  by  ])re- 
suming  that  insufficient  time  for  its  absorption  had  been  allowed. 

In    X\TI    84   hours   had   elapsed,   which    would    account    for 


Tablk 


itl 


m  u  S 


B.  O 


BS 


>s 


— 

— 

— 

— 

+  .'■ 

+t 

— 

—       • 

— 

-!-;n) 

— 

— 

— 

— 

— 

+t 

— 

Flasks  not 

+t 

— 

+t 

+t 

-1  3l)0 

+  10 

— 

cc 

)rked  tightly. 

+5 

+t 

(decomposition) 

-tt 

+ 

— 

+t 

+t 

+500 

— 

T 

— 

+5 

+  10 

+1 

— 

— 

+5 

+  150 

— 

— 

+1 

+20 

+10 

— 

+100 

— 

+5 

+250 

— 

+10 

+t 

— 

— 

+5 

+2 

+300 

— 

Fed  for  a 

+t 

— 

+1 

— 

— 

number   of 

+4 

— 

+1 

—  ? 

+ 

+30 

+  ? 

—  ■ 

days. 

— 

— 

? 

— 

— 

— 

— 

— 

2.6 

1 

9.2 

0.5 

0 

0.9 

5.4 

130 

3 

0? 

t 

the  presence  of  only  1  mg.  in  the  brain;  while  when  we  come 
to  XIX.  we  find  that  the  organs  were  very  incompletely 
digested  and  that  a  rather  long  period  of  time  (6}4  hours) 
had  elapsed. 

In  the  spinal  cord  the  drug  was  uniformly  present  except 
in  XVII  and  XIX,  where  the  reason  for  its  absence  can  be 
explained.  In  the  vagi  nerves  the  drug  was  found  positively 
in  V.  the  only  one  tested. 

It  must  be  kept  in  mind  also  that  idiosyncrasy  plays  a 
part  in  relation  to  this,  as  well  as  all  other  drugs,  and  may 
explain  some  of  the  variations  in  amount  obtained  in  the 
tissues. 

The  experimental  data  above  emphasizes  the  fact  that  the 
nervous  tissue,  especially  the  brain,  seems  to  have  a  selective 
action  for  chloretone.  which  would  explain  the  hypnotic  and 
anesthetic  properties  of  the  drug  in  a  large  measure.  So 
far  as  I  am  familiar  wdth  the  literature,  this  is  one  of  the 
comparatively  few  instances  in  which  the  presence  of  drugs 
has  been  positively  proven  in  the  nervous  tissues,  although 
this  has  generally  been  assumed  for  a  long  time,   and   it   is 
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only  possible  in  this  case  on  account  of  the  s])ecilic  properties 
of  chloretone. 

The  experimental  data  raises  the  (piestion  also  of  the 
selective  actii)n  of  hypnotics  and  anesthetics  as  well  as  other 
(Iruijs.  hut  ])laces  beyond  dispute  the  selective  action  of  this 
druii'  for  the  cells  of  nervous  tissue,  and  makes  probable  the 
assumption  of  the  selecti\e  action  of  other  drugs  for  the 
tissues. 
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A  NOTE  IN  REGARD  TO  THE  SEASONAL  APPEAR- 
ANCE OF  ANOPLOCEPHALA 
MAMMILANA. 

II.   I'kkston  Hoskins,  \'.M.D. 

(From  the   Medical   Research  LahoratDries.  Parke,  Davis  6c  Co.,  Detroit,   Mich.) 

With  llalP  the  present  writer  recently  reported  finding 
the  rare  hcjrse  tapeworm  Anoplocephala  manimihma  in  two 
subjects  at  Rochester,  Mich.  Since  that  report  was  prepared, 
this  parasite  has  been  found  in  two  more  horses  at  the  same 
phice,   making  four   cases  in  all. 

The  followintr  table  sfives  the  data  concerning  these: 


Horse 

Date 

Number  of 

M 

onths  at 

No. 

Autopsy 

Specimens 

Parkedale  Farm 

1019 

4-19-18 

37 

11 

686 

5-2-18 

1 

21 

988 

5-21-18 

5 

11 

275 

6-4-18 

3 

40 

In  the  course  of  some  investigations  into  the  causes  of 
deaths  of  horses  used  in  the  production  of  various  antitoxins 
and  antibacterial  sera,  the  author  has  had  an  opportunity  to 
hold  autopsies  on  a  considerable  number  of  horses  during  the 
past  eighteen  months.  In  addition  to  these  autopsies,  a  num- 
ber have  been  held  on  horses  destroyed  for  various  purposes, 
or  bled  to  death  because  they  were  no  longer  yielding  a  potent 
serum.  When  such  horses  showed  no  abnormalities  at  autop- 
sy, the  serum  was  used  for  the  pre])aration  of  culttu'e  media. 
In  the  great  majority  of  these  autopsies  an  examination  of  the 
gastro-intestinal  canal  was  a  part  of  the  routine  procedure. 
In  a  few  cases  it  was  omitted  for  certain  reasons.  The  autop- 
sy notes  usually  state  the  presence  of  any  parasitic  infesta- 
tion,  although    bots,    ascarids   and    strongyles   were    so   coin- 


^Hall,  M.  C,  and  Hoskins,  H.  Preston,  1918.  The  Occurrence  of  Tapeworms, 
Anoplocephala  Spp.,  of  the  Horse  in  the  United  States.  Cornell  Veterinarian,  V'lII 
(4),   October,  pp.   287-292. 
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nionly  met  as  to  receive  little  more  than  j^assing"  notice,  it 
is  not  considered  likely  that  any  great  numl)er  of  tapeworms 
tailed  to  be  observed. 

In  connection  with  the  finding  of  the  tai)eworms,  how- 
ever, an  interesting  j^oint  is  brought  out,  namely,  the  sea- 
sonal appearance  of  this  parasite,  and  in  view  of  the  fact  that 
the  life  history  of  Anoplocephala  spp.  is  not  known,  the  writer 
has  thought  it  worth  while  to  report  on  this  point.  The  four 
horses  which  revealed  the  presence  of  the  parasite  were  all 
autopsied  betw^een  April  19th  and  June  4th.  (Several  horses 
were  atitopsied  during  this  period  which  were  free  from  the 
parasite.)  Previous  to  April  19th  and  subsequent  to  June  4th 
the  parasite  has  not  been  encountered,  although  upwards  of 
one  hundred  horses  have  been  examined  in  the  live  months 
since  June  4th,  and  approximately  a  year  prior  to  April  19th, 
all  on  the  same  premises,  receiving  the  same  food,  water  and 
general  attention. 

The  horses  had  been  pasttu"ed  during  the  pre\ious  sum- 
mer. Horse  lice  were  usually  prevalent  during  the  winter, 
but  our  records  do  not  show  \\hethcr  any  of  the  four  horses 
in  which  tapeworms  were  found  were  among  those  infested 
with  lice.  Perhaps  this  is  unimportant,  l)ut  it  has  been  thought 
worth  while  to  call  attention  to  all  facts  which  might  have 
any  possible  value  for  future  investigations.  Aleanwhile  a 
close  watch  for  tapeworms  is  being  kept,  and  it  wdll  be  very 
interesting  to  observe  whether  specimens  will  make  their  ap- 
pearance during  1919,  at  about  the  same  time  as  they  did 
duringf  1918. 
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BROMELICA  (THURBER) :  A  NEW  GENUS  OF  GRASSES. 

Oliver  Atkins  Farwmll. 

(Department  of   Botany,   Parke,   Davis   &   Co.,   Detroit,    Mich.) 

For  some  years  past  our  eastern  species  of  Oat  Grass  have  been 
bandied  about  between  Airna  and  Mclica.  affording  for  some  a 
merry  game  of  shuttlecock.  These  species  appear  to  have  no 
permanent  home  and  to  be  a  restless  group,  that,  like  Ban([uo's 
Ghost,  will  not  down.  It  seems  best,  therefore,  to  create  a  new 
genus  for  them.  At  least  one  of  that  small  group  of  grasses,  to 
which  belong  our  eastern  Oat  Grasses,  has  been  included  at  one 
time  or  another  in  five  different  genera,  Fcstuca,  Brotmts.  Mclica. 
Arena  and  TrisctHui.  As  regards  our  eastern  species  Michaux 
first  described  Arena  striata  in  1803  ;  Torrey  next  described  it  as 
Trisetum  purpurascens;  A.  Gray  replaced  it  in  Arena,  using 
Michaux's  name;  Hitchcock  then  removed  it  to  Mclica  as  M. 
striata;  finally  Nash  restored  it  to  Arena  as  A.  Torreyi.  The 
second  species  was  described  l)y  Porter  in  18G7  as  Arena  Siiiithii 
and  it  was  removed  to  Mclica  Iw  Wasey  in  1S88.  At  the  present 
time  Hitchcock,  in  Gray's  Manual,  lists  these  species  under  Melica; 
Britton  &  Brown  in  the  Illustrated  Flora  list  them  under  Arena; 
Rydberg  in  the  Flora  of  the  Rocky  Mountains  steers  an  inter- 
mediate course,  listing  the  first  under  Arena  and  the  second  under 
Melica.  When  authors  are  at  such  wide  variance  with  each  other 
in  their  treatment  of  such  closely  related  species,  the  probabilities 
are  that  the  species  do  not  belong  to  any  one  of  the  genera  to  which 
they  have  been  referred.  A  careful  analysis  of  the  distinguishing 
characters  of  each  genus  bears  out  this  sup])Osit,ion. 

These  species  can  scarcely  belong  to  Arena  since  they  lack  the 
most  important  tribal  characters  distinctive  of  the  Areiiecc,  viz. : 
the  spine-like  end  of  the  rachilla  prolonged  behind  the  uppermost 
floret  and  glumes  longer  than  the  lower  floret.  They  do  agree  with 
the  Fcstucccr  in  not  possessing  the  spine-like  elongation  of  the 
rachilla  and  in  having  glumes  shorter  than  the  lower  floret.     A 
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tjenus  of  the  I-cstiicccc  imisi  then  bo  sought  for  these  species  and 
amongst  those  genera  having  many  nerved  lemmas.  They  do  not. 
belong  to  Fcstiica  becanse  the  lemmas  are  )iot  entire.  They  do 
not  belong  to  Broiiiits  becanse  the  grain  is  not  adlicrcnt  to  the 
palet  nor  f^ubesee)it  at  the  snmmit.  They  do  not  belong  to  Melica 
becanse  the  lemmas  are  not  subeoriaeeous  and  the  uppermost  do 
not  form  a  eoni'oliite  club-shaped  mass  bnt  are  disti)iet.  In 
Brotneliea  the  glnmcs  and  lemmas  are  membra}ious,  the  former 
being  somewhat  unequal  and  sliorter  than  the  lowest  floret;  the 
latter  are  acute,  notched  or  bidoifate.  generally  with  a  termi)ial 
a':cn  formed  by  the  excnrrent  midrib  between  the  teeth,  the  npper- 
most  being  similar  to  the  otiiers  and  distinct,  the  nppermost  floret 
consisting  of  a  single  lemma  only.  Thns  delimited,  Melica  and 
Bromelica  consist,  each  of  a  clear,  homogeneous  gronp  of  species  ; 
nnited.  Melica  is  a  heterogeneous  gronp.  Bromelica  is  almost 
exactly  intermediate  between  Melica  and  Bromns,  with  closer  re- 
lationship to  the  latter  than  to  the  former,  which  is  exemplified  by 
habit  and  by  the  characters  of  the  glumes  and  lemmas  ;  if  Bromelica 
is  retained  in  Melica  there  is  no  good  reason  why  Melica  in  its 
entirety  should  not  be  imited  with  Bromus. 

Lemmas  membranous,  all  alike  and  distinct,  acute,  awned  or  awnless. 

Lemmas  entire    Festuca. 

Lemmas  notched  or  hidentatc. 

Grain  adherent  to  the  palct  and  pubescent  at  apex Bromus. 

Grain    free,   not   pubescent Bromelica. 

Lemmas  subeoriaeeous,  obtuse,  convolute  around  each  other  and  forming  a 
club-shaped  mass    Melica. 

The  synonymy  and  sj)ecies  follow : 

BROMELICA  (  Thurberj,  n.  gen.  Melica  stibgenus  Bromelica 
Thurber,  Bot.  Calif,  ii.  301  (1880),  and  in  Crav's  Manual,  ed.  (S, 
152  (1008). 

B.  striata  (Mx.j,  n.  comb.  Arena  striata  Mx.  Fl.  Bor.  Am. 
i,  :3  (1803).  Trisetum  purpurasccns  Torr.  Fl.  U.  S.  127  (1824). 
Melica  .striata  (Mx.)  Hitch.  Riioijgk.a.  viii.  21 1  (190(^)).  Avena 
Torreyi  Na.sh  in  Britt.  &  Br.  Jllus.  Fl.  2,  i,  21!)  (1013). 

B.  Smithii  (  Porter),  n.  comb.  Avena  Smithii  Porter  in  Gray's 
Manual,  ed.  r,,  fUO  (ISfiT).  Melica  Smithii  (Porter)  Vasey,  Bull. 
Torr.  CI.  XV,  204  (1888). 

B.  aristata  (Thurber),  n.  comb.  Melica  aristata  Thurber  in 
Boland.     Proc.  Cal.  Acad,  iv,  103  (18:0). 
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B.  subulata  (Bong.),  n.  comb.  Fesfuco  suhuhUa  Bong.  Veg. 
Sitch.  173  (1832).  Bromus  subulatus  Griseb.  in  Ledeb.  Fl.  Ross, 
iv,  358  (1853).  Mclica  acuminata  Boland.  Proc.  Cal.  Acad,  iv, 
10-1  (18:U).    M.  subulata  Scribn.  Proc.  Acad.  Phila.  4T  (1885). 

B.  Haffordii  (Boland),  n.  comb.  Melica  Harfordii  Boland. 
Proc.  Cal.  Acad.  47  (1885). 

B.  Harfordii,  var.  minor  (Vasey),  n.  comb.  Mclica  Harfordii, 
var.  minor  Vasey,  Bull.  Torr.  CI.  xv,  48  (1888).  M.  Harfordii, 
snbsp.  tcnuior  Piper,  Cont.  U.  S.  Nat.  Herb,  xi,  127  (1906). 

B.  Geyeri  (Munro),  n.  comb.  Mclica  Geyeri  Munro  in  Bo- 
land. Proc.  Cal.  Acad.  iv.  103  (1870).  M.  bromoides  Boland.  ex. 
A.  Gray,  Proc.  Am.  Acad,  viii,  409  (1872). 

B.  Geyeri,  var.  Howellii  (Scribn.),  n.  comb.  Melica  bromoides, 
var.  Howellii  Scribn.  Proc.  Acad.  Philad.  47  (1885). 
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IS  LACTALBUMIN  A  COMPLETE  PROTEIN  FOR 
GROWTH? 

Bv  A.  D.  Em.mett  and  G.  O.  Luros. 

Recent  reports  of  investigations  suggest  that  there  is  a 
difference  of  opinion  as  to  the  growth-promoting  value  of 
lactalbumin.  We  are  especially  interested  (1)  in  this  point 
since  many  of  our  findings  as  to  the  relatixe  \alue  of  cer- 
tain vitamin  preparations,  when  added  to  an  otherwise  com- 
plete diet,  have  been  based  upon  the  assumption  that  our  basal 
protein,  lactalbumin,  is  capable  of  promoting  growth  ;  that  is, 
that  it  contains  the  fundamentals  for  furnishing  all  the  protein 
complexes  required. 

Osborne  and  Mendel  (2)  have  shown  very  clearly  that  they 
were  able  under  their  conditions  to  obtain  excellent  results 
with  lactalbumin  as  the  primar\'  protein  in  their  diets.  In  fact, 
they  (3)  found  in  comi)aring  the  food  value  of  edestin,  casein, 
and  lactalbumin  for  the  growth  of  young  rats  that  "the  supe- 
rior efficiency  of  the  lactalbumin  in  the  nutrition  of  growth  is 
demonstrated  beyond  question."  "Thus,  to  produce  the  same 
gain  in  body  weight,  50  jjcr  cent  more  casein  than  lactalbumin 
was  required,  and  of  edestin  nearly  HO  per  cent  more."  In  a 
recent  article,  Osborne,  Mendel,  and  Ferry  (4)  suggested  a 
method  of  calculating  the  growth-promoting  value  of  various 
proteins  in  rations.  This  method  was  based  upon  correlating 
the  gain  in  body  weight  with  the  grams  of  both  total  food  and 
protein  consumed.  When  the  authors  compared  their  results 
for  casein  and  lactalbumin  on  this  basis,  they  found  that  the 
same  gains  for  these  two  proteins  could  be  made,  over  the 
same  length  of  time,  only  when  the  casein-fed  rats  consumed 
20  and  24  per  cent  more  of  ration  and  protein  respectively  than 
did  the  lactalbumin-fed  rats. 

On  the  other  hand.  McCollum,  Simmonds,  and  Parsons  (5) 
have  taken  the  stand  that  lactalbumin  is  an   incomplete  and 
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poor  protein  for  ^rowini;'  rats.  Their  conclusion  was  based 
upon  the  tact  that  when  they  compared  casein  with  hictalhuniin 
in  two  rations  which  were  aUke  in  all  other  respects,  normal 
growth  resulted  in  the  first  instance  and  almost  no  tjrowth  in 
the  latter  instance.  Their  basal  diet  was  made  up  of  peas  15  per 
cent,  salt  mixture  1.8  per  cent,  agar-aj^ar  1  per  cent,  dextrin 
38  per  cent,  and  butter  fat  5.0  ])er  cent ;  I)  per  cent  of  lactal- 
bumin  and  of  casein  was  added,  respectively,  to  two  portions 
of  this  basal  ration,  bringing  the  total  protein  up  to  about  18 
per  cent.  The  Osborne  and  Mendel  rations  consisted  of  18  per 
cent  protein  (lactall)umin  or  casein),  28  per  cent  protein-free 
milk,  28  per  cent  starch.  18  per  cent  butter  fat,  and  10  per  cent 
lard.     McColIum  and  his  associates  stated: 

"We  are  forced  to  the  conclusion  that  lactalbumin  is  a  poorly  constituted 
or  an  incomplete  protein  and  that  the  excellent  results  of  Osborne  and 
Mendel  were  due  to  the  high  proportion  of  nitrogen  derived  from  the 
'protein-free  milk'  which  was  present  in  their  food  mixtures  and  served  to 
supplement  the  lactalbumin  with  respect  to  some  as  yet  undetermined 
cleavage  product  which  is  essential  for  growth." 

According  to  Osborne  and  Mendel,  their  protein-free  milk 
was  made  up  of  80  per  cent  lactose,  15  per  cent  inorganic  salts, 
2.2  per  cent  protein,  2.7  per  cent  non-protein  matter,  and  carried 
the  water-soluble  B  vitamin.  Alitchell  and  Nelson  ((3)  found 
that  they  could  reduce  the  per  cent  of  protein  nitrogen  in  the 
"protein-free  milk''  by  neutralizing  the  boiling  milk  whey;  but 
by  this  procedure  they  contaminated  the  lactalbumin,  since 
calcium  phosphates  were  throAvn  down  at  the  same  time. 
Kennedy  (7)  had  shown  that  the  Osborne  and  Mendel  pro- 
tein-free milk  contains  "either  unprecipitated  protein  or  pep- 
tids  of  considerable  size;"  that  al)out  half  of  the  nitrogen  w'as 
precipitated  by  certain  salts  in  the  nfni-amino  form,  and  that 
after  tryptic  digestion  there  was  an  increase  in  amino  nitro- 
gen. 

From  the  above  facts,  it  is  evident  that  protein-free  milk 
is  a  complex  mixture  and  possibly  capable  of  carrying  the 
proper  kind  of  protein  or  nitrogenous  cleavage  products  to 
furnish  the  nitrogen  supplement  that  may  be  needed  for  an 
incomplete  protein.  Whether  there  would  be  a  sufficient 
amount  of  this  nitrogenous  supplement  present  is  another 
question. 
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DISCUSSION. 


In  using  lactalbumin  as  the  sole  protein  in  the  diet  of 
young  rats  and  as  a  supplement  to  an  incomplete  protein  for 
growth,  we  have  obtained  results  which  agree  with  Osborne 
and  Mendel  (Charts  1,  2,  and  3).  On  the  other  hand,  we 
have  recorded  data  with  lactalbumin  which  correspond  to 
what  McCollum,  Simmonds,  and  Parsons  found  (Chart  4). 
That  is,  we  have  secured  in  many  cases  normal  growth,  and 
then  again,  in  using  the  same  lactalbumin  in  the  same  amount, 
we  have  obtained  almost  no  growth  at  all.  However,  the  ra- 
tions differed  in  this  respect — when  protein-free  milk  was 
present  we  obtained  growth,  but  when  a  vitamine  extract,  salt 
mixture,  and  starch  were  substituted  for  the  protein-free  milk, 
poor  growth  resulted.  In  other  words,  our  results  agreed  with 
what  McCollum  and  his  associates  claimed ;  i.e.,  the  protein- 
free  milk  was  responsible  for  supplying  the  needed  accessory 
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Chart  1.  Good  growth  is  obtained  on  a  diet  of  10  per  cent  of  lactalbumin  pro- 
tein, 28  per  cent  of  Osborne  and  Mendel  protein-free  milk,  18  per  cent  butter  fat, 
10    per    cent    lard,    and    starch. 
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Chart  2.  The  curves  illustrate  in  the  case  of  Rat  14,  (jroup  O,  the  excellent 
growth  response  that  can  be  obtained  over  a  long  jjeriod  of  time  witli  the  same  diet 
that   was  fed  to  the  groups  of  rats  represented  in  Chart   1. 

The  curves  also  show,  in  the  case  of  Kats  11,  13,  14,  and  15,  an  interesting 
cycle  of  growth.  Thus,  throughout,  the  basal  diet  was  28  per  cent  of  the  Osborne 
and  Mendel  protein-free  milk,  18  per  cent  butter  fat.  10  per  cent  lard,  and  starch  to 
make  up  the  balance.  In  Period  1  (maintenance)  there  was  7  per  cent  corn  gluten 
protein;  in  Period  2  (maintenance)  10  per  cent  corn  gluten  protein;  in  Period  3 
(slight  grcv.th)  7  per  cent  protein,  of  w^hich  2S  per  cent  was  lactalbumin  and  72  per 
cent  corn  gluten;  in  Period  4  (growth)  10  per  cent  protein  with  18  per  cent  of  it 
lactalbumin  and  82  per  cent  corn  gluten;  and  in  Period  .5  (growth)  10  per  cent  pro- 
tein, of  which  32  per  cent  was  lactalbumin  and  68  per  cent  corn  gluten.  There  can  be 
no  doubt  that  the  lactalbumin  is  capable  of  supplementing  the  growth-deficient  corn 
gluten    protein. 
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Chart  3.  The  curves  illustrate  the  effect  of  incorporating  the  Mitchell  and  Nel- 
son protein-free  milk  in  place  of  the  Osborne  and  Mendel  product — the  former  being 
lower  in  protein  nitrogen.  Throughout,  this  protein-free  milk  was  present.  In 
Period  1  (maintenance)  there  was  7  per  cent  corn  gluten  protein;  in  Period  2,  6.5 
per  cent  prjtein,  of  which  22  per  cent  was  lactalbumin  and  78  per  cent  corn  gluten; 
and  in  Period  3,  8  per  cent  protein,  of  which  36  was  lactalbumin  and  64  per  cent 
corn  gluten.  It  will  be  seen  that  good  growth  took  place  in  Period  3,  when  the 
lactalbumin  supplemented  the  corn  gluten  to  the  extent  of  36  per  cent  with  the 
Mitchell    and   Nelson    protein-free   milk   present. 
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Chart  4.  The  curves  illustrate  the  poor  growth  obtained  with  lactalbumin  as 
the  sole  protein  when  protein-free  milk  was  not  used.  The  diet  was  made  up  of  10 
per  cent  lactalbumin  protein,  3.7  per  cent  salt  mixture  18.5  (McColIum),  18  per  cent 
butter  fat,  10  per  cent  lard,  5  per  cent  of  the  hot  alcohol  extract  of  ether-extracted 
wheat  germ  or  1  per  cent  of  the  cold  alcohol  extract  of  dried  brewers'  yeast,  and 
starch   to   make   up   the   balance. 
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Chart  5.  The  rations  fed  these  groups  of  rats  were  composed  of  10  per  cent 
lactalbumin  protein,  18  per  cent  butter  fat,  10  per  cent  lard,  3.7  per  cent  salt  mix- 
ture 185  (McCollum),  24.6  per  cent  purified  lactose,  water  and  alcohol  extracts  of 
either  wheat  germ  or  yeast  to  supply  the  water-soluble  B  vitamin,  and  starch  to 
complete  the  diet.  Normal  growth  was  possible  with  each  of  these  four  diets  even  in 
the  absence  of  protein-free  milk. 
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Chart  6.  In  these  rations,  the  purified  lactose  was  incorporated  as  the  sole  car- 
rier of  the  water-soluble  B  vitamin.  The  diet  for  Group  A  was  butter  fat  5  per  cent, 
lactalbumin  protein  10  per  cent,  purified  lactose  20  per  cent,  salt  mixture  185  (Mc- 
Collum) 3.7  per  cent,  and  starch.  The  diet  for  Group  B  was  the  same  as  for  Group 
A  except  that  it  contained  less  starch  and  more  fat,  hutter  fat  18  per  cent  and  lard 
10  per  cent.  The  curves  indicate  that  both  the  low  and  high  fat  diets  are  deficient — 
slight  growth  occurring  at  the  start  which  is  soon  followed  by  a  cessation  of  growth 
and    subsequent   decline. 
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for  the  hictalbuniin.  Uitr  results  do  not  shoio  that  the  nitroge- 
nous matter  in  this  protein-free  milk  played  the  fundamental 
part  in  furnishing  the  necessary  supplement. 

According  to  Osborne  and  Mendel,  the  protein  of  their 
protein-free  milk  constituted  about  0.13  per  cent  of  the  food. 
Mitchell  and  Nelson  claimed  that  the  reduction  in  nitrogen 
which  they  were  able  to  effect  was  due  to  protein.  If  this 
is  so,  their  procedure  gave  a  still  lower  protein  content  than 
that  of  Osl)orne  and  Mendel,  bringing  it  down  to  about  0.08 
per  cent  of  the  ration.  Such  small  amounts  of  protein  as  these 
would  hardly  seem  to  be  sufficient  to  supply  enough  cleavage 
products  to  cause  the  difference  that  McCollum  and  his  asso- 
ciates found  between  casein  and  lactalbumin,  or  that  we  have 
found  (Charts  1  and  4).  Our  lactalbumin  was  separated  out, 
in  accordance  with  the  method  of  Osborne  and  Mendel.  It 
was,  however,  thoroughly  digested  with  hot  alcohol  a  number 
of  times,  and  finally  with  ether  or  acetone.  In  this  way,  v^^e 
considered  that  all  traces  of  the  water-soluble  B  and  fat-solu- 
ble A  vitamins  were  removed. 

With  the  idea  of  determining  whether  this  growth-pro- 
moting accessory  factor  was  specific  for  the  protein-free  milk 
when  lactalbumin  was  the  sole  protein,  various  rations  were 
fed  which  differed  only  in  respect  to  the  kind  of  synthetic 
protein-free  milk  that  was  used.  These  were  made  up  of  the 
McCollum  (8)  salt  mixture  185,  an  equivalent  amount  of  lac- 
tose that  had  been  purified  by  repeatedly  extracting  a  pure 
product  with  hot  95  per  cent  alcohol  and  drying  in  vacuum  at 
a  low  temperature,  purified  starch,  and  an  extract  containing 
the  water-soluble  B  vitamin.  The  extracts  used  were:  a 
cold  water  digest  of  wheat  germ  ;  a  hot  alcohol  (95  per  cent ) 
digest  of  wheat  germ  that  had  been  previously  extracted  with 
ether  to  remove  the  oil ;  a  cold  alcohol  (95  per  cent)  digest 
of  dried  brewers'  yeast;  or  a  water-soluble  fraction  of  auto- 
lyzed  brewers'  yeast. 

Chart  5  illustrates  the  growth-promoting  property  of  these 
rations  where  lactalbumin  was  the  sole  protein  and  no  pro- 
tein-free milk  was  present,  and  shows  that  normal  growth  is 
possible.  In  the  case  of  the  water  extract  of  wheat  germ, 
which    carried    the   vitamin    B.    the   amount   of    solids    used    was 
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bastnl  upon  the  nitroj^i'ii  coiilent,  ')  per  cent  yielding-  (t.ll  gni. 
of  nitrogen  per  100  gni.  of  ration.  The  hot  alcohol  (i)5  per 
cent)  extract  of  the  wheat  germ  carried  0.08  gm.  of  nitrogen 
per  100  gm.  of  ration.  And  the  cold  alcohol  extract  of  dried 
brewers'  yeast  added  o.o^  gm.  of  nitrogen  j^er  100  gni.  of  ra- 
tion. In  the  case  of  the  hot  alcohol  extract  of  wheat  germ 
and  the  cold  alcohol  extract  of  dried  yeast,  the  amount  of 
protein  nitrogen  must  have  been  very  low.  if  in  fact  an}-  w\as 
present.  Therefore,  the  amount  of  nitrogen  that  these  two 
extracts  added  to  the  rations  was  in  the  non-protein  form. 

It    would    seem    then,    if    lactalbumin    was    in    reality    an    in- 
complete  protein   for  growth,   that   the   various   extracts,  fur- 
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Chart  7.  The  curves  show  that  lactose  is  an  essential  factor  in  the  diet  when 
lactalbumin  is  the  sole  protein.  The  basal  ration  throughout  was  lactalbumin  protein 
10  per  cent,  salt  mixture  185  (McCollum)  3.7  per  cent,  butter  fat  18  per  cent,  lard 
10  per  cent,  and  starch.  The  diet  in  Period  1  contained  no  water-soluble  B  accessory; 
in  Period  2,  this  vitamin  was  supplied  by  an  alcohol  extract  of  wheat  germ  or  yeast; 
in  Period  3.  24.6  per  cent  of  purified  lactose  replaced  part  of  the  starch  of  the  ration 
used  in  Period  2.  The  growth  response  which  followed  the  introduction  of  the  puri- 
fied  lactose   shows  very   definitely   the    importance    of   this   constituent    in   these   diets. 
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nishing  the  \vatt'r->()liihlf  11  vitamin,  carried  the  same  non- 
protein cleavage  accessory  tliat  the  prolein-free  milk  supplied. 
Further,  the  prt)tein  nitrogen,  in  the  protein-free  milk  and  in 
the  water  extract  of  wheat  germ,  was  not  concerned  in  sup- 
plementing the  growth-promoting  proi)ert}'  of  the  lactallni- 
min. 

McCollum  and  Davis  ( !) )  found  that  lactose  and  casein, 
unless  thoroughl}'  ])in-iiie(l.  seemed  to  carry  enough  water- 
soluhle  B  and  fat-soluhle  A  accessories  or  vitamins  to  cause 
fairly  good  growth  when  these  nutrients  were  added  to  a  diet 
that  was  otherwise  complete,  except  for  these  food  hormones. 
Drummond  (10)  has  confirmed  their  work.  It  might  be  con- 
tended, therefore,  that  these  two  accessory  substances  were 
absorbed  by  our  purified  lactose  and  that  they  were  respon- 
sible for  the  growth  which  we  obtained  with  the  lactalbuniin 
supplemented  with   the  extracts  of  wheat  germ  and  yeast. 

Since  both  Osborne  and  Mendel,  and  McCollum  and  his 
associates  used  butter  fat  as  their  source  of  the  fat-soluble  A, 
we  would  be  concerned  only  as  to  whether  the  kind  or  source 
of  water-soluble  B  in  the  lactose  was  enough  different  from 
that  in  the  wheat  germ  or  yeast  to  be  the  contributing  factor. 
The  curves  in  Chart  fi  show  clearly  that  our  lactose  lacked  a 
sufficient  amount  of  the  water-soluble  B  vitamin  to  promote 
growth.  Thus,  when  this  lactose  and  the  lactalbumin  w^ere  in- 
corporated in  rations,  made  up  according  to  the  Osborne  and 
Mendel  (18  per  cent  butter  fat  and  10  per  cent  lard)  and  the 
McCollum  (5  per  cent  butter  fat)  formulas,  the  rats  soon 
stopped  growing  and  showed  the  usual  symptoms  which  ac- 
company a  lack  of  this  accessory  in  the  diet. 

As  stated  above,  we  have  used  rations  whi.-h  contained 
lactalbumin  as  the  sole  protein  and  wdiich  we  considered  from 
all  the  known  facts  obtainable  to  be  abundantly  capable  of 
producing  normal  growth  in  rats.  Yet  some  of  these  food 
mixtures  gave  poor  growth  (Chart  4),  just  as  McCollum,  Sim- 
monds,  and  Parsons  found  with  lactalbumin  in  their  modified 
diet  of  peas,  and  as  Osborne  and  Mendel  (11)  found  when 
they  compared  the  value  of  casein,  lactalbumin,  and  edestin 
supplemented  with  their  artificial  protein-free  milk  and  dried 
yeast.     In  these  cases  we  did  not  use  protein-free  milk  or  lac- 
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tose.  When  the  rations  were  inodilicd  so  that  a  part  of  the 
starch  was  replaced  by  an  amount  of  purified  lactose  equiv- 
alent to  that  present  in  28  per  cent  of  protein-free  milk,  the 
rats  began  to  grow  normally  (Chart  7). 

From  the  evidence  wc  have  offered,  it  would  appear  that 
the  reason  we  were  unable,  in  some  cases  (Chart  4),  to  obtain 
anything  like  good  growth  with  lactalbumin  as  the  sole  pro- 
tein, was  due  to  the  absence  of  lactose  in  the  diets.  Aside 
from  this  fact,  it  seems  that  the  protein-free  milk  (which  con- 
tained 80  per  cent  lactose)  furnished  nothing  essential  that 
was  not  supplied  by  the  alcoholic  extract  of  wheat  germ  or 
yeast,  together  with  the  synthetic  salt  mixture  and  lactose. 
Therefore,  we  do  not  agree  with  McCollum,  Simmonds  and 
Parsons  that  the  high  nitrogen  content  of  the  protein-free 
milk  contril)uted  some  cleavage  product  which  adequately 
supplemented  what  they  claimed  to  be  incomplete  lactal- 
bumin. Rather.  7cc  take  fJie  position  that  the  lactalbiiniin  is  a 
complete  protein  in  the  sense  that  it  is  not  lacking  in  any  essential 
nitrogenous  cleavage  product  for  growth. 

We  are  inclined  to  express  the  following  tentative  ex- 
planations, based  upon  our  data,  as  to  why  lactalbumin  does 
not  produce  normal  growth  unless  supplemented  by  lactose 
in  the  form  that  we  used  it.  First,  the  lactalbumin  protein 
molecule  may  be  so  constituted  that  it  is  easily  susceptible  to 
toxic  or  inhibitory  substances,  while  the  casein  protein  mole- 
cule may  l)e  more  stable  or  resistant.  On  this  basis  we  would 
say  that  in  the  wheat  germ  and  yeast  extracts,  which  carried 
the  water-soluble  B  accessory,  there  may  have  been  some 
toxic  substance  present  which  prevented  normal  growth  with 
the  lactallnimin  until  the  lactose  was  introduced.  With  the 
modified  lactalbumin-peas  diet  of  McCollum,  Simmonds,  and 
Parsons  (5).  there  was  also  present  a  toxic  substance  which 
acted  exactly  as  it  did  in  our  diets  when  no  lactose  was  pres- 
ent, but  in  the  casein-peas  diet  the  toxicity  factor  did  not 
manifest  itself. 

Second,  in  the  separation  of  the  casein,  the  lactallnimin. 
and  the  protein-free  milk  from  fresh  skimmed  milk,  the  lac- 
tose (and  possibly  the  casein)  adsorbs  not  only  the  water- 
soluble   B    and    fat-soluble  A   accessories,   as    McCollum    and 
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Da\is  and  l^runmiond  have  shdwu,  hul  it  (and  the  caseinj 
may  also  adsorl)  aiu)lher  as  yet  undelined  water-soluble  vita- 
min. In  sei)arating  the  lactalbuniin,  this  accessory  does  not 
seem  to  be  adsorbed,  or  if  it  is.  the  vitamin  is  split  off  much 
more  easily  during-  the  subsecjuent  washing-  and  purihcaticju 
than  is  the  case  with  lactose    (or  casein). 

Applying  this  last  suggestion,  we  would  say  that  our  puri- 
fied lactose  still  had  tlii>  undelined  water-soluble  vitamin  ad- 
sorbed to  it;  on  the  other  hand,  that  the  casein  of  McCollum 
and  associates  was  the  carrier  of  this  accessory;  while  in  the 
feeding  trials  of  Osborne  and  Mendel  that  this  vitamine  was 
present  in  their  protein-free  milk  (2)  but  absent  in  their  artifi- 
cial protein-free  milk  without  lactose  (11).  To  substantiate 
this  deduction  regarding  casein,  we  refer  to  the  work  of  Funk 
and  Macallum  (12),  who  found  that  this  protein,  even  though 
it  was  purified  by  the  method  which  AlcCollum  (9)  uses,  car- 
ried an  accessory  which  they  say  may  be  analogous  to  the 
antiscorbutic  vitamin. 

It  seems  plausible  to  conclude  from  these  data  that  the 
second  explanation  is  the  more  probable,  although  it  is  easy 
to  conceive  that  both  the  above  suggestions  may  be  needed  at 
times  to  explain  the  nutritive  value  of  the  lactalbumin.  It  is, 
therefore,  difficult,  in  the  light  of  these  results,  to  agree  with 
McCollum,  Simmonds,  and  Parsons  that  the  protein-free  milk 
carried  enough  nitrogenous  cleavage  products  to  supplement 
what  they  designate  as  the  incomplete  and  deficient  grow^th- 
promoting  lactalbumin,  and  yet  when  this  protein-free  milk 
supplemented  the  casein,  it  contributed  nothing  to  accelerate 
the  rate  of  growth  of  this  protein  and  make  it  even  the  equal 
of  the  lactalbumin.  If  their  conclusion  was  correct,  how  can 
one  explain  why  Osborne  and  Mendel  (2)  obtained  such  con- 
trasting results  as  to  the  relative  growth-promoting  values  of 
lactalbumin,  casein,  and  edestin  when  these  proteins  were  in- 
corporated in  rations  with  the  same  amount  of  protein-free 
milk  present  in  each  (13)  ? 

CONCLUSIONS. 

1.  Lactalbumin  is  a  complete  protein  in  the  sense  that  it 
does  not  lack  any  of  the  nitrogenous  cleavage  products  essen- 
tial for  growth.     It  can   supplement   a  deficient  grow^th-pro- 
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nioting  protein  (corn  gluten)  and,  incorporated  as  the  sole 
protein  in  a  ration  containing  lactose,  it  produces  a  normal 
rate  of  growth,  when  present  to  the  extent  of  only  10  per  cent. 
2.  Lactalbumin  is  a  protein  which  either  is  sensitive  to  cer- 
tain toxic  substances  and  under  these  conditions  growth  is  re- 
tarded unless  adequate  adjustment  is  made  in  the  diet ;  or  it  is 
a  protein  which  does  not  appear  to  be  able  to  adsorb  what  we 
tentatively  designate  as  a  vitamin  (other  tlian  water-soluble 
B). 

3.  Lactose  seems  to  be  the  essential  constituent  in  the 
protein-free  milk  that  contributes  the  accessory  which  makes 
an  otherwise  incomplete  lactalbumin  diet  bring  al)OUt  normal 
growth  in  rats. 

4.  Lactose,  when  added  to  a  lactalbumin  diet,  either  may 
have  the  physiological  property  of  overcoming  the  toxicity 
that  inhibits  growth  taking  place,  or  else  it  may  carry  a  water- 
solul)le  vitamin  (other  than  the  water-soluble  B)  which  ap- 
pears to  be  essential  to  growth.  This  phase  of  the  study  is 
being  continued. 

The  authors  wish  to  express  their  appreciation  to  Lieuten- 
ant yi.  E.  Slater  for  valuable  assistance  in  the  preliminary 
work  of  this  study.  He  was  obliged  to  sever  his  connection 
with  this  work  at  an  early  stage  as  he  was  called  into  military 
service.  To  Mr.  Charles  Hunter  also  our  thanks  are  due  for 
aiding  in  the  routine  work. 
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SEDIMENTING  SUSPENSION  OF  LIVE  BACTERIA  ON  A 
LARGE  SCALE. 

E.  M.  Houghton,  ]\I.D..  and  N.  S.  Fekkv,  M.D.,  Detroit,  Mich. 
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In  the  sedimentation  of  bacterial  suspensions  or  broth 
cultures  for  the  preparation  of  bacterial  \accinc'S,  or  for  the 
purpose  of  clarifying^  the  broth  before  filtration  in  the  pro- 
cess of  obtaining-  toxins,  where  the  question  of  time  as  well 
as  quaiitit}'  must  be  considered,  laboratories  have  been  ccmi- 
pelled  to  resort  to  the  use  of  a  centrifugal  machine  run  on 
the  principle  of  a  milk  separator,  such  as  the  Sharpies  ma- 
chine, which  will  permit  of  a  continuous  flow  of  liquid  to 
and  from  the  machine. 

It  has  been  found,  however,  that  wdien  the  bacteria  are 
being  sedimented  in  a  live  state,  it  is  rather  an  unsafe  pro- 
cedure for  the  operator  unless  some  protection  is  afiforded 
against  the  fine  spray,  containing  bacteria,  which  is  given 
oflF  from  the  liquid  as  it  leaves  the  rapidly  revolving  bowl. 

It  has  also  been  observed  that  the  chances  of  obtaining 
a  sediment  or  a  filtrate  in  an  uncontaminated  state  are  rather 
doubtful  unless  the  entire  mechanism  can  be  thoroughly 
sterilized  before  and  after  operation. 

In  order  to  obtain  conditions  as  safe  as  possible  for  those 
in  close  proximity  to  the  machine,  and  maintain,  at  the  same 
time,  an  aseptic  operation  throughout,  an  apparatus  has  been 
devised  according  to  plans  suggested  l)y  one  of  us  (E.M.H.) 
which  fulfills  the  necessary  requirements  without  influencing 
in  any  way  the  efficiency  of  the  separator. 

The  apparatus  in  question  consists  of  a  cast  iron  jacket, 
opening  on  the  front,  with  a  swing  door,  which  completely 
encloses  a  Sharpies  turbine-driven  laboratory  centrifuge,  in- 
cluding its  supply  can.  The  jacket  is  so  constructed  that  it 
becomes    an    autoclave,    when    the    door    is    securely    shut    and 

in 
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the  valves  of  the  various  pipes  leading  to  the  jacket  are  closed, 
in  which  the  entire  mechanism  of  the  centrifuge  can  be  ster- 
ilized with  live  steam  at  a  temperature  of  120°  C.  for  any 
length  of  time  deemed  necessary.     At  the  same  time  connec- 


Fig.  1 

A.  Centrifuge. 

B.  Atomizer. 

C.  Cotton  gasket. 

D.  Rubber  gasket. 

£.    Pipe  to  vacuum  system. 

F.  Air  pressure  gauge. 

G.  Air  safety  valve. 

H.    Discharge  pipe  to  centrifuge 
/.    Handle  to  supply  can. 
K.    Oiler  to  centrifuge. 


A.  Pipe  to  steam  gauge. 

B.  Steam  pipe. 

C.  Handle  to  supply  can. 

D.  Air  pipe  to  atomizer. 

E.  Bottle  of  germicide  for  atomizer. 

F.  Compressed  air  pipe. 

G.  Valve   for   siphon   intake. 


tion  is  maintained  between  the  jacket  and  a  vacuum  system 
in  order  to  facilitate  the  drying  of  the  several  parts  of  the 
machine,  after  the  steam  has  been  exhausted,  without  open- 
ing the  door  of  the  jacket. 

To  further  insure  the  safety  of  the  operator,  in  addition 
to  a  rubber  gasket,  on  the  inner  surface  of  the  door  where 
it  comes  in  contact  with  the  rim  of  the  jacket,  is  found  a  roll 
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of  cotton,  soaked  in  a  gcrniiciclc.  packed  in  a  i^roove  surround- 
ings the  frame  of  the  door,  making  the  door  crack  entirely 
germ -proof. 

The  apparatus  is  also  ecjuipped  with  a  safety  valve  for 
the  compressed  air  system  as  well  as  an  automatic  steam 
pressure  gauge  to  doul)ly  safeguard  both  the  o])erator  and 
the  machine. 

If  it  is  found  necessary  to  gain  access  to  the  machine  any 
time  before  the  parts  can  be  autoclaved,  sterilization  of  all 
exposed  surfaces  may  be  accomplished  by  means  of  a  large 
atomizer,  connected  with  the  comi)ressed  air  pipe  and  a  bottle 
of  some  strong  germicide,  which  is  placed  in  the  top  of  the 
jacket.  This  atomizer  is  so  constructed  that  it  will  revolve 
in  a  complete  circle,  in  order  to  reach  all  sides  and  corners, 
and  of  such  dimensions  that  it  is  capable  of  discharging  with 
an  air  pressure  of  30  to  ")()  pounds,  causing  the  entire  chamber 
to  be  filled  with  a  fine  cloud  of  spray  and  rendering  any 
exposed  parts  perfectly  safe  to  handle  within  a  short  s])ace 
of  time. 

In  order  to  control  the  flow  of  liquid  from  the  supply  can 
to  the  bowl,  when  the  door  is  closed,  a  lever,  having  a  handle 
on  the  outside  of  the  door,  is  made  to  connect  with  the  faucet 
of  the  supply  can  so  that  it  can  be  manipulated  at  will  with- 
out exposing  the  inside  of  the  jacket. 

The  apparatus  has  been  given  a  thorough  trial  for  several 
months  on  various  vaccines  and  toxins,  and  has  been  found 
perfectly  ef^cient  as  to  its  qualifications  as  a  sterilizer,  as 
well  as  a  separator. 

In  centrifugalizing  a  certain  lot  of  material  the  procerlure 
is  as  follows:  Set  up  the  machine  for  operation,  clamp  the 
door,  shut  all  necessary  valves,  autoclave,  and  then  dry  with 
vactium.  Start  machine,  allow  suspension  to  siphon  from 
flask,  on  top  of  jacket,  into  supply  can.  From  there  it  will 
flow  into  the  bowl  and  thence  out  of  the  nozzle  through  the 
funnel  into  the  plugged  flask  tinder  the  jacket.  The  sediment 
will  1)e  found  in  the  bowl  and  the  clear  filtrate  in  the  flask, 
both   uncontaminated. 
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It  is  a  widely  recognized  fact  that  milk  irom  lactating  mothers 
may  possess  a  foreign  taste,  odor  or  color  following  the  ingestion 
of  certain  substances.  As  concrete  examples,  alcohol  has  been 
found. ^  likewise  opium  and  morphine,  zinc,  iron,  lead,  arsenic, 
antimony,  bismuth,  and  mercury.  These  facts  become  of  utmost 
importance  in  reference  to  the  administration  to  the  mother  of 
such  drugs  as  may  be  injurious  to  the  child. 

The  extensive  use  of  chloretone  therapeutically  calls  for  further 
research  in  this  particular  on  this  important  drug.  The  presence 
of  chloretone  in  the  tissues,  organs  and  fluids  of  the  body  after 
ingestion  has  been  conclusively  demonstrated  by  Aldrich.- 

The  purpose  of  these  experiments  has  been  to  determine  the 
presence  and  amount,  if  any,  of  chloretone  in  the  milk  of  lactat- 
ing mothers.  Humans  and  dogs  were  used  as  experimental  sub- 
jects. 

The  method  of  demonstrating  and  estimating  the  presence  and 
quantity  of  the  drug  was  precisely  that  originated  by  Aldrich.^ 
The  efficacy  of  this  method  depends  upon  the  characteristic  crys- 
talline form  of  chloretone,  volatility  with  steam,  and  low  solubility 
in  water.    A  brief  resume  of  the  method  may  not  be  out  of  place. 

The  material  under  investigation,  properly  comminuted  or 
digested  if  necessary,  is  subjected  to  steam  distillation.  Great 
care  should  be  exercised  in  keeping  all  connections  absolutely  tight. 
The  distillate  is  placed  in  a  flask,  which  is  connected  with  an  up- 
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right  coiKlciiser  haxing  a  circulation  of  very  cold  water,  and  gently 
heated.  It  the  test  is  positive,  crystals  of  chloretone.  long  and 
feathery,  will  appear  in  the  vicinity  of  the  steam  crest.  A  hand 
glass  facilitates  the  detection  in  case  of  very  small  quantities. 
This  test  possesses  much  delicacy,  as  little  as  1  m.  or  l/Gfi  gr.  hav- 
ing heen  readily  detected. 

liXPKRI  MENTAL. 

Case  I. — Mrs.  J.  Ten  gr.  of  chloretone  were  administered  and  after 
one  hour  60  mils  of  milk  were  taken.     Results  negative. 

Case  II. — Mrs.  A.  One  hour  after  the  administration  of  15  gr.  of  drug, 
90  mils  of  milk  were  taken.     Results  negative. 

Case  III. — Mrs.  S.  One  hour  after  the  administration  of  twenty  gr. 
of  drug,  60  mils  of  milk  were  obtained.     Results  negative. 

Case  IV.— Mrs.  E.  Two  hours  after  administration  of  10  gr.  of  chlore- 
tone. 60  mils  of  milk  were  taken.     Results  negative. 

Case  V. — Mrs.  McM.  Two  hours  after  administration  of  15  gr.  of 
drug,  75  mils  of  milk  were  obtained.     Negative  results. 

Case  \T. — Mrs.  H.  Two  hours  after  administration  of  20  gr.  of  drug, 
50  mils  of  milk  were  taken.     Negative  results. 

Case  VII.— Mrs.  B.  Ten  gr.  of  chloretone  administered  and  60  mils 
of  milk  taken  three  hours  later.  Results  negative.  Four  hours  from  time 
of  administration  of  drug,  30  mils  were  obtained.  Negative  results.  Five 
hours  later  40  mils.     Negative  results. 

Case  VIII. — Mrs.  C.  Twenty  gr.  chloretone  administered  and  samples 
averaging  40  mils  taken  at  the  end  of  every  hour  until  five  were  obtained. 
Results  proved  negative. 

Case  IX. —  Mrs.  D.  .  Ten  gr.  of  chloretone  administered  and  one  hour 
later  70  mils  of  milk  obtained.  Two  hours  from  time  of  first  administra- 
tion 10  gr.  more  wTre  given  and  one  hour  later  50  mils  milk  obtained.  Two 
hours  from  time  of  second  administration  10  gr.  more  were  administered. 
One  hour  later  45  mils  milk  obtained.  Two  hours  from  third  administration 
10  gr.  more  were  administered  and  40  mils  milk  obtained.  A  total  of  40 
gr.  chloretone  had  been  administered  in  a  space  of  eight  hours.  No  positive 
test  obtained. 

Case  X. — Mrs.  De  T.     Exact  duplicate  of  Case  IX.     Negative  results. 

Case  XI. — Mrs.  R.  Fifteen  gr.  chloretone  administered  and  one  hour 
later  65  mils  of  milk  removed.  Two  hours  from  time  of  first  administra- 
tion 15  gr.  more  were  administered  and  one  hour  later  50  mils  milk  obtained. 
Two  hours  later  15  gr.  more  <lrug  given  and  one  hour  later  40  mils  milk 
obtained.  A  total  of  45  gr.  of  drug  given  in  a  space  of  six  hours  all  pro- 
duced negative  results. 

The  above  mothers  were  normal  women  in  every  respect  and 
were  nursing  their  own  infants  throughout  the  period  of  ex])eri- 
mentation.  No  efYect  on  the  infants  was  discernihle ;  however, 
this  would  he  very  diffictilt  as  a  normal  infant  sleeps  the  greater 
part  of  the  day. 

The  following  experiments  were  then  performed  on  lactating 
dogs: 
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Cask  A.^Lactating  dog  weighing  10.5  kilos  was  obtained  seven  weeks 
after  parturition.  The  young  were  taken  away  at  beginning  of  experiment. 
Dog  normal  in  every  respect  except  very  thin. 

Three  grams  of  chlorctone  were  dissolved  in  :!  mils  of  !).')  per  cent  alco- 
hol and  poured  into  (50  mils  of  tepid  water. 

This  suspension  was  administered  per  mouth  to  dog  fifteen  minutes 
after  complete  removal  of  milk  by  young.  Dog  immediately  passed  into 
profound  sleep  and  remained  in  such  condition  for  four  days.  At  no  time 
before  recovery  or  after  could  any  milk  be  obtained. 

These  results  pointed  to  the  necessity  of  a  change  in  method  of  admin- 
istration of  drug. 

Cask  B. — Lactating  dog,  10..")  kilos  in  weight,  five  weeks  after  parturi- 
tion was  taken  from  her  young  and  milk  completely  removed  by  mechanical 
suction  1")  minutes  before  administration  of  chlorctone.  The  drug  0.")  gm. 
was  dissolved  in  the  least  possible  amount  of  alcohol  and  intimately  mixed 
with  a  portion  of  chopped  meat.  Seven  hours  later  1.5  mils  of  milk  were 
removed  and  .8  gm.  of  the  drug  was  administered  in  i)recisely  the  same 
manner  as  before. 

This  portion  of  milk  to  be  known  as  Sample   1  gave  negative  results. 

Seventeen  hours  later  8.5  mils  of  milk  were  taken  and  .8  gm.  of  drug 
again  given.     Sample  2  also  gave  negative  results. 

Twenty-four  hours  later  milk  removed  from  dog  as  completely  as  pos- 
sible. Amount  obtained  05  mils.  Dog  rather  drowsy  at  this  time.  One 
gm.  of  drug  administered.  Sample  3  tested  very  positive.  Estimated  about 
2  mg. 

Seven  hours  later  milk  again  taken  from  dog.  Amount  obtained  15 
mils.  At  this  time  only  .6  gm.  of  chlorctone  given  as  dog  had  become  very 
drowsy. 

Sample  4  gave  positive  test. 

The  following  morning,  seventeen  hours  later.  30  mils  of  milk  were 
obtained  and  1  gm.  of  drug  again  administered.     Positive  test  for  Sample  5. 

Seven  hours  later  attempt  was  made  to  obtain  more  milk,  but  only 
about  2  mils  were  obtained.  Administration  of  chlorctone  omitted  this  time. 
Stimulation,  only,  kept  dog  awake.  Except  for  great  sleepiness  dog  is 
normal. 

The  following  morning  milk  was  again  removed.  Seven  mils  were 
obtained.     Chlorctone  1  gm.  again  administered. 

Sample  5,  while  positive,  but  barely  perceptible,  undoubtedly  due  to 
small  amount  of  milk. 

No  drug  was  given  in  afternoon,  neither  was  it  possible  to  obtain  any 
milk. 

Seventeen  hours  later  no  milk  could  be  obtained.  Necessarily  all  ex- 
perimentation came  to  an  end. 

The  question  here  arises  as  to  the  effect  of  chlorctone  as  an 
antigalactagogue.  The  resnhs  of  the  experiments  on  dogs  point 
to  such  an  effect,  and  this  is  in  accordance  with  other  findings  in 
regard  to  chlorctone  as  an  inhibitor  of  the  formation  of  bodily 
fluids.  No  such  effect,  however,  was  noticed  in  the  case  of  human 
subjects.  This  undoubtedly  is  due  to  the  small  amount  of  the 
drug  used,  as  weight  for  weight  the  dog  received  in  toto  twelve 
times  as  much  chlorctone  as  any  human  subject. 
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CONCLUSIONS. 

Chloretone  is  found  in  the  milk  only  ui)on  continuous  admin- 
istration of  very  large  doses. 

Upon  the  administration  of  5  to  20  gr..  the  usual  therapeutic 
dose,  no  trace  is  found  even  though  administered  several  times 
in  succession. 
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Hemorrhagic  septicemia  in  sheep  has  been  reported,  both  in 
Europe  and  in  the  United  States,  on  several  occasions.  Baker 
(1)  states  that  the  disease  is  rare  in  this  country.  The  disease 
has  made  its  appearance  in  a  number  of  widely  separated  locali- 
ties within  recent  years,  especially  in  some  of  the  States  west  of 
the  Mississippi  River.  Ward  and  Beebe  (2),  of  Minnesota,  re- 
ported an  outbreak  of  the  disease  among  sheep  in  1911.  Glover, 
Newsom  and  Alkire  (3)  recently  reported  the  existence  of  the 
disease  in  Colorado.  Several  veterinarians  have  reported  the  dis- 
ease to  be  rather  prevalent  in  the  Northwest.  The  disease  desig- 
nated as  "septicemia  pluriformis  ovium,"  by  Miessner  and  Schern 
(4),  is  apparently  the  same  pathological  entity.  M'Gowan  and 
Rettie  (5)  have  reported  upon  the  disease  in  Scotland,  and  these 
authors  are  of  the  opinion  that  many  of  the  cases  of  so-called 
"braxy"  are  probably  hemorrhagic  septicemia.  Recently  Mori 
(6)   published  his  observations  on  the  disease  in   Italy. 

Just  as  we  have  variations  in  the  clinical  manifestations  of 
hemorrhagic  septicemia  in  other  species,  more  especially  among 
cattle,  the  disease  in  sheep  seems  to  be  subject  to  the  same  influ- 
ences, and  in  ditTerent  outbreaks  of  the  disease  these  variations 
occur,  frequently  confusing  the  clinician  who  has  not  had  a  great 
deal  of  experience  with  the  disease.  There  are  certain  sections 
of  the  United  States  where  the  disease  is  apparently  unknown  in 
any  form  or  in  any  species.  There  are  also  localities  where  cases 
of  the  disease  have  been  met  rather  frequently  among  cattle,  to 
the  exclusion  of  other  species.  Of  cour.se,  it  is  quite  possible  that 
the  disease  has  been  overlooked  or  failed  to  be  recognized  in  other 
species. 
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THE  PRKSKXT  OUTBREAK. 

Ill  a  pajKM-  to  \)C  jnil)lislic(l  later,  the  author  will  discuss  the 
relationshi]!  between  hemorrhagic  septicemia  and  the  disease  of 
young  cattle  known  variously  as  "stock-yards  fever,"  "stock- 
yards pneumonia."  etc.,  which  has  been  rather  prevalent  during 
recent  years.  The  most  constant  feature  of  the  disease  is  its 
predilection  for  young  cattle  of  the  stocker  and  feeder  class,  which 
have  passed  through  certain  of  our  large  public  stock-yards.  In 
the  outbreak  to  be  described  the  sheep  were  not  natives,  but  had 
recently  been  shipped  into  southern  Michigan,  via  Chicago,  the 
band  having  originated  in  Montana. 

On  October  10,  1916.  a  trainload  of  sheep  arrived  at  Man- 
chester. Mich.  There  were  in  the  neighborhood  of  9,000  sheep 
in  the  shipment,  consisting  of  29  double-decked  carloads,  about 
300  sheep  to  the  car.  These  sheep  were  distributed  among  some 
thirt}'  different  farmers,  around  Tecumseh  and  Adrian,  for  feed- 
ing purposes.  They  were  driven  from  Manchester  to  their  re- 
spective destinations  on  the  first,  second,  third  and  fourth  days 
following  their  arrival  in  Manchester.  The  purchasers  of  the 
sheep  were  of  the  opinion  that  the  animals  were  in  very  good  con- 
dition, considering  their  long  journey,  which  had  been  made  in 
quicker  time  than  usual. 

Sickness  made  its  first  appearance  among  the  sheep  just  ten 
days  after  their  arrival  at  destination.  In  a  few  instances  the 
new  sheep  had  mingled  with  native  sheep,  but  inquiry  failed  to 
elicit  information  of  the  spread  of  the  disease  to  the  native  sheep. 
Although  practically  every  farmer  who  purchased  some  of  the 
sheep  reported  losses,  the  percentage  of  the  losses  on  different 
farms  varied  considerably.  One  man  lost  45  out  of  350,  while 
his  neighbor  lost  only  four  out  of  a  carload.  Another  man  lost 
25  out  of  two  carloads.  At  first  it  was  believed  that  the  sheep 
were  dying  from  digestive  disturbance  following  change  of  feed. 
This  idea  was  abandoned  when  it  was  discovered  that  there  was 
sickness  in  practically  every  flock,  regardless  of  the  kind  of  feed 
or  method  of  feeding,  which  was  quite  variable  among  the  thirty 
farmers.  Some  of  these  men  were  experienced  shee]>  feeders,  and 
had  handled  sheep  successfully  for  many  years.  The  suggestion  that 
parasites  were  the  cause  of  the  trouble  was  soon  dismissed,  follow- 
ing observations  f)f  the  clinical  syni})toms  and  a  few  j)ost-inortems. 
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Tlie  syinptonis  were  ratlier  unifonii  in  tnost  cases.  Tempera- 
tures ranged  up  to  lOo  l*".  Many  animals  were  completely  off 
feed.  Depression  was  very  noticeable,  many  of  the  animals  stand- 
ing around  with  backs  arched.  Breathing  was  accelerated.  Some 
of  the  sheep  exhibited  colicky  pains  and  were  very  restless  and 
uneasy  at  times.  Coughing  and  sneezing  occurred  quite  fre- 
quently. Some  of  the  sheep  ground  their  teeth  persistently,  and 
muscular  tremors  were  much  in  evidence.  There  was  cessation 
of  rumination  in  most  cases.  One  of  the  most  marked  and  con- 
stant symptoms  was  the  passage  from  the  bowels  of  a  thin,  blood- 
stained discharge,  having  a  very  fetid  odor  in  most  cases.  The 
animals  were  usually  sick  for  a  few  days  before  death  super- 
vened, and  several  animals  which  exhibited  only  mild  symptoms 
made  a  recovery. 

Upon  post-mortem  examination  the  lesion  most  frequently  met 
with  was  a  very  severe  hemorrhagic  enteritis,  most  marked  in  the 
small  intestine.  Frequently  the  cecum  was  extensively  involved. 
Petechial  hemorrhages  were  noted  on  the  heart  muscle,  and  areas 
of  lobular  pneumonia  were  noted  quite  regularly  in  the  lungs. 
A  marked  distention  of  the  gall-bladder  was  noted  in  one  case 
autopsied.  Intestinal  parasites  were  found  in  some  cases,  but  in 
others  none  were  found. 

Samples  of  fresh  tissues  and  heart  blood  were  brought  to  the 
laboratory,  in  two  sets,  three  days  apart.  The  first  lot  consisted 
of  the  hearts  of  two  sheep,  wrapped  in  gauze  wet  with  an  anti- 
septic, which  were  brought  to  the  laboratory  by  the  first  veteri- 
narian called  to  see  the  sheep.  The  bacteriological  examination 
of  these  tissues  was  negative,  no  growth  being  obtained  in  plain 
bouillon,  plain  agar  and  blood  agar.  Direct  examination  of  smear 
preparations  failed  to  reveal  any  suspicious  organisms.  In  spite 
of  the  negative  outcome  of  the  bacteriological  examination,  a  ten- 
tative diagnosis  of  hemorrhagic  septicemia  was  made,  based  on 
the  history  of  the  outbreak  and  the  symptoms  shown  by  the  sheep, 
and  the  author  proceeded  to  the  scene  of  the  outbreak  for  the 
purpose  of  making  further  observations  and  securing  additional 
material    for  laboratory  examination. 

The  second  lot  of  specimens  consisted  of  heart  blood  from  two 
animals,  one  that  had  died  just  previous  to  autopsy,  and  the  other 
killed  in  a  moribund  condition.     One  heart  with  the  vessels  ligated 
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was  al^o  bii.iu>;hl  U>  the  laboratory,  broni  tlie  coronary  vein  of 
the  heart  a  small  amount  of  blood  was  secured  and  used  to  inocu- 
late culture  media.  The  two  samples  of  heart  blood  were  also 
used  to  inoculate  \arious  media.  It  is  quite  interesting^  to  note 
that  the  media  inoculated  with  the  l)lo()d  secured  from  the  heart 
chambers  remained  sterile,  while  the  cultures  made  from  the 
coronary  vein  yielded  an  organism  which  was  later  positively 
identified  as  bacillus  ovisepticus.  The  isolation  and  identification 
of  the  hemorrhagic  septicemia  group  of  organisms  will  be  dis- 
cussed in  a  future  paper  on  this  subject. 

TREATMENT. 

Very  little  treatment  was  applied  in  this  outbreak.  The  dis- 
ease seemed  to  be  at  its  height  when  the  author  made  his  first 
visit,  and  some  of  the  sheep  were  believed  by  the  owners  to  be 
recovering.  \>ry  few  new  cases  developed  during  the  seventy- 
two  hours  consumed  in  getting  the  materials  to  the  laboratory, 
isolating  and  identifying  the  organism.  As  soon  as  an  animal 
was  noticed  to  be  sick,  it  was  isolated.  Kreso  was  added  to  all 
drinking  water,  and  everything  done  to  improve  the  hygienic  con- 
ditions. 

DISCUSSION. 

Attention  has  already  been  called  to  the  similarity  of  the  pres- 
ent outbreak  of  ovine  hemorrhagic  septicemia  and  so-called  "stock- 
yards pneumonia"  of  young  cattle,  from  the  epidemiological  stand- 
point. Investigations  of  the  latter  disease  have  already  very 
strongly  suggested  the  etiological  relationship  of  bacillus  bovi- 
septicus  to  the  cattle  disease.  In  the  present  outbreak  we  have 
a  history,  certain  clinical  manifestations,  post-mortem  pictures  and 
laboratory  findings  which  fit  in  very  nicely  as  links  in  the  chain 
of  evidence  to  prove  that  the  cattle  and  sheep  diseases  are  similar 
in  nature,  and  that  the  hemorrhagic  septicemia  organism  plays 
some  important  role  in  the  etiology  of  the  disease. 

Sporadic  outbreaks  of  ovine  hemorrhagic  septicemia  are  met 
with,  just  as  such  outbreaks  sometimes  occur  among  cattle,  with- 
out the  history  of  recently  having  passed  through  a  public  stock- 
yards. Usually  such  cases  are  acute,  deaths  occur  very  suddenly, 
often  without  warning,  and  it  is  no  unusual  experience  to  have 


Mich  outbreaks  cease  just  as  suddeuly  as  they  started.  Atypical 
cases  present  (HfficuUies  in  the  way  of  makinj^  a  ])rompt  and  accu- 
rate diagnosis  cHnically.  The  characteristic  ]:)etechial  liemor- 
rhages  which  tor  so  long  have  ])een  associated  with  the  disease 
can  hardly  lie  said  to  he  absolutely  specific  for  hemorrhagic  sep- 
ticemia. These  lesions  are  frequently  seen  in  other  pathological 
conditions.  Failure  to  isolate  the  hemorrhagic  septicemia  organ- 
ism from  a  given  case  or  cases  of  the  disease  is  not  evidence  /rr 
sc  of  the  non-existence  of  the  infection.  On  the  other  hand, 
there  is  even  some  doubt  as  to  whether  we  are  perfectly  safe  in 
making  a  diagnosis  of  hemorrhagic  septicemia  simply  by  demon- 
strating the  presence  of  bi])olar  organisms  in  the  blood  or  tissues 
of  a  dead  animal. 

SUMMARY. 

Hemorrhagic  septicemia  is  a  serious  disease  of  sheep.  It  has 
Ijeen  encountered  in  widely  separated  localities,  both  in  Europe 
and  the  United  States.  Either  the  disease  is  on  the  increase,  or 
we  have  had  it  with  us  for  some  time  and  its  exact  nature  was  not 
previously  determined. 

In  the  outbreak  of  the  disease  here  reported,  wherein  the  dis- 
ease made  its  appearance  among  a  l)and  of  nine  thousand  sheep, 
shipped  from  Montana  to  Michigan,  via  Chicago,  and  distributed 
to  some  thirty  farms  on  arrival,  every  one  of  the  thirty  flocks 
suffered  losses,  although  the  mortality  varied  widely  on  the  dif- 
ferent farms. 

The  similarity  is  pointed  out,  existing  between  this  disease 
and  that  reported  form  of  hemorrhagic  septicemia  in  cattle  more 
generally  known  as  "stock-yards  pneumonia.'" 
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PoPULUS  BALSAMiFERA  Linn.  .*>!).  PI.  ii,  ]034:  (1753)  ;  Miller, 
Diet.  ed.  8,  no.  5  (1768).  P.  auijulatus  Ait.  Hort.  iii,  407  (1789). 
— Popidus  halsmnifcra  Miller.  I.  c.  is  referred  by  the  Index  Kew- 
ensis  to  P.  dcltoidcs  and  to  P.  Iicterophylla.  A  careful  com- 
parison of  Miller's  description  with  that  of  Linnaeus  shows,  how- 
ever, that  the  two  are  identical.  Miller  having  copied  the  technical 
description  of  Linnaeus.  1.  c.  vcrhafim.  Both  quote  Hort.  ClitT., 
460.  A  reference  to  the  latter  j^ublication  shows  that  species  No. 
4  Popidus  foliis  cordatis  crcnatis  is  the  one  referred  to.  This  is 
founded  solely  on  Popidus  nigra,  folio  maxiuio,  gcmniis  balsamuni 
odoratissiuuiin  fundoifibus  Catesby,  Car.  i,  .34,  t.  34  (1731),  a 
Carolina  species,  also  quoted  by  Miller.  1.  c.  There  is  therefore 
no  question  as  to  the  identity  of  the  one  with  the  other  and  that 
the  binomial  P.  balsaniifcra  belongs  to  the  Carolina  Poplar,  as 
usually  understood,  since  in  last  analysis  the  Linnaean  species  is 
founded  upon  that  of  Catesby. 

P.  TACAMAHACCA  Miller,  Diet.  ed.  8,  no.  6  (1768).  P.  bal- 
saniifcra Marshall,  Arbust.  Amer.  107  (1785),  &  French  ed.  173 
(1788).  P.  z'iiii'ura  Marsh.  1.  c.  P.  candicaiis  Ait.  Hort.  iii, 
406  (178!)).  P.  ontaricnsis  Desf.  Hort.  Par.  P.  balsamifcra 
var.  candicans  A.  Gray,  Man.  ed.  2,  419  (1858). — This  is  the  com- 
mon Balm  of  Gilead.  Miller's  name,  which  is  the  oldest,  should 
be  adopted  for  it  instead  of  the  later  one  of  Aiton.  A  form  with 
ver}-  scanty  pubescense  is 

\'ar.  Michauxii  (Henry),  n.  comb.  (P.  balsaniifcra  var.  Mich- 
auxii  Henry.) 

Another  form,  generally  without  cordate  leaves  and  pubes- 
cence, is  the  Northern  Balsam  Poplar  that  has  so  generally  been 
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kiu>\vn  as  P.  balsamifcro.     In  accordance  with  priority  this  shoull 
hear  the  name 

\'ar.  Lanceolata  (Alarsh.),  n.  comb.  (P.  balsamifcra  Linn. 
Syst.  Xat.  ed.  13.  ii.  GoG  (1770),  and  possihly  of  some  earlier 
editions,  and  also  of  most  subseqncnt  authors,  hut  not  of  Linn 
Sp.  PI.  ii.  1034  (1753).  P.  balsamifcra  var.  lanceolata  Marsh. 
Arbu-st.  Amer.  108  (1785).  &  French  ed.  173  (1788). 

\'eroxica  persica  Poir.  Diet,  viii,  542  (1808).  V.  Buxbau- 
mii  Ten.  Fl.  Nap.  i.  ".  t.  1  (1S11). — Veronica  Tourncforfii  C.  C 
Gmelin,  Fl.  Bad.  i,  30  (1805).  is  the  name  employed  in  our  local 
manuals  to  designate  the  plant  that  has,  at  times,  been  passing 
under  the  names  of  V.  Buxbaumii  or  V.  bycantina.  A  reference 
to  Gmelin's  Flora  Baden  shows :  ( 1 )  that  the  specific  name  is 
based  upon  Tournefort's  Veronica  oricntalis,  foliis  Hcderce  ter- 
restris,  flare  magno;  (2)  that  the  synonymy  quoted  is  the  Tourne- 
fortian  species  just  mentioned.  ['.  filiformis  Sm.  Trans.  Linn.  Soc. 
i,  195  (1791),  and  Buxbaum,  Plantae  minus  cognitae  Cent,  i,  t. 
40,  f .  1  (1727),  all  these  being  identical ;  (3)  that  the  greater  part 
of  the  description  applies  to  V.  filiformis  Sm.  The  description 
of  the  leaf  is  that  of  V.  Buxbaumii.  \\"hile  it  is  more  than  prob- 
able that  Gmelin  intended  to  include  under  his  name  both  the 
species  then  known  as  V.  filiformis  Sm.  and  that  which  was  later 
called  V.  Buxbaumii  Ten.,  a  careful  analysis  of  all  the  factors  to 
be  consiflered  can  n  it  leave  anv  d(nil)t  1)U[  that  he  intended  to 
make  the  Tournefortian  species  the  type  of  his  own.  and  this  con- 
clusion is  particularly  evidenced  by  the  specific  name  itself,  which 
certainlv  cannot  have  been  derived  from  any  other  element.  Since 
a  binomial  stands  or  falls  with  the  element  upon  which  it  is  found- 
ed, V.  Tourncfortii  becomes  a  synonym  of  the  older  V.  filiformis 
Sm.  and  its  retention  for  V.  Buxbaumii  is  erroneous.  V.  persica 
Poir.  seems  to  be  the  oldest  name  applicable  and  should  be  taken 
up  instead  of  V.  Tourncfortii  for  the  species  long  known  as  V. 
Buxbaumii. 

\'iBURXUM  Oi'ULUS  Linn.  var.  A^IERICAXU^r  (Mill.)  Ait.  In 
Rhodora,  xx,  14-15  (1918),  Mr.  S.  F.  Blake  gives  his  reasons 
for  dropping  the  ''(Mill.)"  from  the  authority  for  this  variety 
and  retaining  "Ait."  only.  The  reasons  are  that  ^Miller's  herbar- 
ium specimen  of  his  Viburnum  amcricanum  is  nothing  more  nor 
less  than  Hydrangea  arborescent  Linn.      [Therefore  by  inference 
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Miller's  species  is  a  mere  synonym  of  Hyciraiu/ca  arborcscois 
Linn.]  and  that  as  Aiton  made  no  reference  to  Miller's  i)ublica- 
tion.  Miller  should  not  be  a  part  of  the  author-citation.  The  above 
argument  of  Mr.  Blake  is  of  the  nature  of  a  boomerang-,  for  it  is 
an  excellent  one  against  the  practice  he  follows  of  ado])ting  old 
herbarium  specimens  as  types  of  species.  Miller  calls  his  species 
the  Guelder  Rose  and  says  it  has  red  berries,  factors  that  will 
not  permit  of  the  species  being  referred  as  a  synonym  to  Hydran- 
gea arboresccns.  While  Aiton  did  not  mention  Miller's  publica- 
tion there  can  be  no  doubt  that  he  knew  of  it  and  that  it  was  this 
knowledge  that  led  him.  when  describing  the  plant  as  a  variety, 
to  use  the  same  name  that  Aliller  did.  The  authority  therefore 
should  remain  as  heretofore  "(Miller)   Ait." 

It  would  be  interesting  to  know  if  Miller's  Hydrangea  arbores- 
ccns  is  represented  in  his  herbarium,  and  if  so  by  a  specimen  of 
what  species.  Is  it  perhaps  Viburnum  amcricanum,  thus  proving 
another  instance  of  the  interchange  of  labels  or  of  specimens? 
Philip  Miller  was  too  discriminating  a  botanist  ever  to  have  de- 
scribed in  the  same  volume  identical  plants  under  two  such  widely 
diverse  genera  as  Hydrangea  and  Viburnum. 
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-Attempts  tu  cultivate  Bad.  diphtlicricc  in  simple,  non-protein 
media  are  recorded  amon<^  the  early  studies  with  this  organism. 
In  1893,  Guinochet  claimed  to  have  grown  diphtheria  bacilli 
with  toxin  production  in  urine  freed  from  albuminous  con- 
stituents. Soon  after,  Uschinsky  (1893)  confirmed  these  find- 
ings and  also  reported  the  growth  of  Bact.  diphtJicricc  with  elab- 
oration of  toxin  in  a  medium  having  ammonium  lactate  and 
sodium  asparaginate  as  the  sole  sources  of  nitrogen.  The  toxin 
thus  obtained  gave  positive  Millon's  and  xanthoproteic  reactions, 
was  precipitable  by  alcohol,  and  in  its  other  reactions  indicated 
protein  characteristics. 

The  view  that  diphtheria  toxin  is  a  form  of  protein  seems  to 
have  been  first  advocated  by  Brieger  and  Fraenkel  (1890). 
These  authors  considered  it  to  be  a  peculiar  kind  of  albumin, 
which,  because  of  its  toxicity,  they  called  "toxalbumin."  Was- 
serman  and  Proskauer  (1891),  while  conceding  the  possibility 
that  pure  diphtheria  toxin  may  be  an  albuminous  body,  were  of 
the  opinion  that  the  chemical  reactions  of  the  above  "toxal- 
bumin'"  were  probably  due  to  albumoses,  present  as  impurities 
derived  from  bouillon.  They  also  agreed  with  the  observations 
of  Brieger  and  Fraenkel  that,  because  of  its  great  susceptibility, 
this  "toxalbumin"  of  diphtheria  contained  only  a  small  portion 
of  actual  diphtheria  toxin  in  an  undecomposed  state. 

A  unique  view  regarding  the  composition  of  diphtheria  toxin 


*Read   before  the    Society   of   American    Bacteriologists,    Baltimore,    Md.,    December 
28,   1918. 
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was  that  advanced  by  Dzierzi^owski  and  Rekowski  (1892). 
From  the  fact  that  no  diphtheria  toxin  was  formed  until  the 
culture  became  alkaline,  these  investigators  concluded  that 
diphtheria  toxin  was  a  coiul)ination  of  certain  bases  and  albu- 
moses,  of  a  nature  similar  to  alkali  albimiinates. 

Brieger  and  Boer  (1896),  working  with  l)oth  diphtheria  and 
tetanus  toxins,  claimed  to  have  isolated  a  double  zinc-toxin 
compound,  which  showed  neither  allnuuin  nor  peptone  reactions, 
thus  arguing  against  the  protein  character  of  diphtheria  toxin. 
In  a  subsequent  communication  regarding  his  synthetic  diph- 
theria toxin,  Uschinsky  (1897)  did  not  consider  it  of  albinninous 
nature,  although  Chamberland  filtrates  of  diphtheria  bacilli 
grown  in  his  medium  gave  distinct  protein  reactions.  Not  all 
cultures  of  Bact.  diphtheria:  were  found  by  him  to  be  cultivable 
in  a  protein  free  medium,  but  when  once  accustomed  to  the 
medium,  the  organisms  grew  typically  and  as  luxuriantly  as  in 
bouillon. 

In  an  elaborate  investigation  comprehending  seventy  pure 
cultures  of  Bact.  diphthericB,  Hadley  (1907)  was  unable  to  obtain 
any  noticeable  growth  on  Uschinsky's  medium.  Continuing 
the  experimentation,  this  investigator  finally  devised  a  medium 
containing  glycocoll  and  ammonium  lactate  together  with 
glycerin,  sodium  chloride,  calcium  chloride,  magnesium  sulphate 
and  di-potassium  phosphate.  This  he  found  not  only  permitted 
the  growth  of  diphtheria  bacilli,  but  produced  a  culture  which, 
after  sixteen  days'  incubation,  killed  guinea  pigs  in  from  thirty- 
six  to  thirty-eight  hours.  Cultures  of  Bact.  diphtherice  which,  at 
first,  flid  not  grow  on  the  protein-free  media,  could  be  adapted 
to  it  by  slow  degrees,  and  the  solid-staining  forms  of  the  organi.sm 
always  manifested  the  most  rapid  and  luxuriant  growth  both 
during  and  after  the  adaptation.  Hadley  further  concluded 
that,  of  the  three  nitrogen  bases  employed  in  the  study,  urea 
seemed  to  be  of  slight  value,  while  glycocoll  gave  the  best  growth 
and  .strongest  toxin.  Asparagin  appeared  to  give  better  results 
than  the  urea,  although  it  was  not  as  .satisfactory  as  the  glycocoll. 

Hida  (1908),  in  a  paper  concerning  the  significance  of  "pep- 
tone" in  the  formation  of  diphtheria  toxin  concludes  that  the 
deutero-albumose  portion  ()\  the  peptone  is  the  most  important 
for  this  purpose,  while  heteroalbumose,  protalbumose,  and 
amphopeptone  are  subordinate  factors.     A  subsequent  article  by 


the  same  author  working  with  Teruuchi  (1912-1913)  also  indi- 
cated that  the  production  of  toxin  was  influenced  by  the  degree 
of  decomposition  of  the  "peptone."  Most  favorable  results 
were  furnished  by  a  sample  having  18  per  cent  of  its  total  nitro- 
gen in  the  monamino  acid  condition,  75  per  cent  precipitable  by 
tannin,  and  30  per  cent  by  a  H.')  per  cent  concentration  of  alcohol. 

The  chemical  composition  of  diphtheria  bacilli  has  been  re- 
ported upon  by  Tamura  (1914),  who  examined,  washed  and  dried 
pellicles  of  the  organisms  cultivated  in  a  2  per  cent  peptone, 
sheep-kidney  extract  medium.  A  monoaminomonophosphatid  and 
a  lipoid  body  were  found  to  be  present  and  the  presence  of  adenin 
was  considered  as  probable.  Of  the  amino  acids,  arginin.  r  and  / 
prolin,  histidin,  lysin,  tyrosin,  leucin,  isoleucin,  and  valin  were 
isolated,  while  tryptophane  was  demonstrated  by  reaction.  On 
the  other  hand,  no  positive  sulphur  test  could  be  obtained,  and 
mycol  was  found  to  be  absent. 

More  recently,  Robinson  and  Rettger  (1917,  1918)  have 
reported  upon  the  growth  and  toxin  production  of  Bact.  diph- 
thcricc  when  cultivated  in  a  medium  containing  the  ])roduct 
"opsine"'  previously  studied  by  Dalimier  and  Lancereaux  (1913). 
According  to  their  description,  "opsine  is  a  biuret-free  product 
resulting  from  the  combined  action  of  trypsin,  erepsin  and  pepsin 
on  certain  protein  materials  not  named  by  the  authors  or  manu- 
facturers."' It  was  found  to  be  abiuretic.  and  to  give  a  high 
formol  titration  for  monamino  acids,  the  latter  including  leucin, 
tyrosin  and  very  little  tryptophane.  In  addition  to  the  opsine, 
Robinson  and  Rettger  attempted  the  cultivation  of  Bnct.  diph- 
theria' in  media  cotnposed  of  the  protein-free  acid  hydrolysis 
products  of  casein,  edestin.  and  lactalbr.min. 

Notwithstanding  rapid  and  abundant  growth  of  the  organism, 
they  found  that  very  little  diphtheria  toxin  was  formed  in  the 
opsine,  the  minimum  lethal  dose  being  0.2  per  cent  of  the  body 
weight.  In  the  acid  hydrolysis  j^roducts  media,  the  growth  was 
considerably  slower  and  less  luxuriant  than  in  the  opsine  and 
there  was  almost  no  evirlence  of  any  toxin.  Addition  of  fresh 
beef  infusion  to  opsine  caused  even  more  profuse  growth  of  the 
bacilli  than  in  diphtheria  bouillon,  while  the  toxicitv  was  in- 
creased twenty-fold  over  that  of  cultures  in  opsine  only.  These 
authors  consider  that  the  results  of  their  experiments  tend  to 
disprove  the  theory  advanced  by  Uschinsky   (1897)   and  also  by 
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Hadlcy  (1!»0?)  thai  ili])lulK'ria  toxin  can  be  dirt'ctly  synthesized 
from  comparatively  simj^le  nitrogenous  substances  hke  the  amino 
acids.  On  the  contrary,  they  supj)ort  the  view  "that  more 
complex  bodies,  perhaps  some  of  the  ])roteoses.  as  claimed  by 
Hida  (1008).  or  polypeptids,  are  essential  to  the  formation  of 
toxin."'  \\'hat  little  toxin  is  found  in  protein-free  media,  accord- 
ing to  these  investigators,  may  be  formed  from  the  disintegration 
products  of  dead  bacilli  during  the  long  period  of  incubation. 

It  will  be  readily  conceded  from  the  above  resume  that  com- 
paratively little  information  is  available  regarding  the  constitu- 
tion of  diphtheria  toxin.  The  two  experimenters,  Hadley  and 
Uschinsky,  who  claim  bacterial  synthesis  of  the  toxin,  injected 
cultures  of  Bact.  diphthcr'uv  grown  in  their  non-protein  media  for 
determination  of  toxicogenicity.  This  technique  is  at  once  open 
to  the  criticism  that,  with  diphtheria  bacilli,  pathogenicity  toward 
susceptible  animals  is  not  necessarilv  an  indication  of  toxico- 
genicity. It  would  seem  more  likely  that  the  death  of  the  test 
animals  was  produced  by  the  living  pathogenic  organisms  which 
survived  the  long  incubation  ])eriods  rather  than  by  the  disin- 
tegration products  of  dead  bacilli  as  has  been  suggested  by  Robin- 
son and  Rettger. 

Observations  made  by  one  of  us,  Davis  (1917),  in  connection 
with  a  study  of  bacteriologic  peptone,  showed  that,  when  incor- 
porated in  bouillon,  the  presence  or  absence  of  certain  amino 
acids  in  the  peptone  had  a  decided  influence  on  the  growth  of 
Bact.  dipJithcricr  and  the  production  of  its  toxin. 

The  purpose  of  the  work  involved  in  the  present  paper  was 
to  determine,  if  possible,  by  cultivation  of  diphtheria  bacilli  in 
media  consisting  principally  of  known  amino  acids,  the  role 
played  by  these  important  protein  constituents  in  the  nutritional 
and  toxicogenic  requirements  of  this  organisin. 

EXPERIMENTAL   PROTOCOLS. 

a.     Preparation  of  materials. 

With  the  exception  of  sodium  asparaginate,  which  was  obtain- 
able in  sufficient  purity,  the  amino  acids  and  nitrogenous  bases 
employed  in  the  experimental  media  later  described  were  indi- 
vidually i^repared  and  their  identity  established.  These  bodies 
comprehended    glycocoll.    cystin,    glutaminic    acid    hydrochloride, 
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leucin,  tyrosin.  tryptophane,  histidindichloride,  glucoseamine 
hydrochloride,  the  purine  bodies — hypoxanthin  and  xanthin  and 
the  extractives — creatin  and  creatinin. 

Glycocoll  was  synthetically  |)re])ared,  by  the  method  of  Nencki 
(1883),  using  powdered  animoniuni  carbonate  heated  with  mono- 
chloracetic  acid.  The  glycocoll  was  isolated  as  the  copper  salt, 
decomposed  with  hydrogen  suli)hide,  clarified  with  ])urified  animal 
charcoal  and  crystallized.  Several  recrystallizations  gave  pure 
needles,  answering  all  requirements  for  glycin. 

Washed  wool  was  found  to  be  a  very  satisfactory  raw  material 
for  cystin.  The  procedure  given  by  Folin  (1910)  was  followed 
with  some  modifications.  The  wool  was  hydroHzed  with  hy- 
drochloric acid,  an  excess  of  sodium  acetate  added,  the  precipitate 
washed,  and  then  redissolved  in  boiling  o  per  cent  hydrochloric 
acid.  After  clariticaticm  with  ])uritied  bone-black,  an  excess  of 
ammonium  hvdroxide  was  added,  the  resultant  phosphate  pre- 
cipitate removed,  and  the  material  precipitated  by  addition  of 
acetic  acid.  Thorough  washing  and  drying  gave  typical  hex- 
agonal plates  of  pure  cystin. 

Glutaminic  acid  was  prepared  as  the  hydrochloride  from  both 
gliadin  and  glutenin  of  wheat  flour,  according  to  the  directions 
given  by  Osborne  and  Guest  (1911).  Hydrolysis  was  carried  out 
with  concentrated  hydrochloric  acid,  the  material  decolorized, 
using  in  this  case  repurified  blood  charcoal,  and  the  colorless 
filtrate  finally  concentrated  to  syrupy  consistency  in  vacuum.  On 
cooling  for  several  days,  a  heavy  crystalline  deposit  was  obtained 
which  was  repurified  from  alcohol.  The  resultant  product  left 
no  ash  on  ignition  and  showed  all  characteristics  of  glutaminic 
acid  hydrochloride. 

Both  leucin  and  tyrosin  were  obtained  from  blood  clots,  using 
the  separation  method  of  Haberniann  and  Ehrenfeld  (1902). 
The  clots  were  hydrolyzed  with  sulphuric  acid  (5:13).  made 
alkaline  with  milk  of  lime,  and  the  lime  removed  as  calcium 
oxalate.  The  filtrate  was  then  concentrated  to  obtain  a  max- 
imum yield  of  crude  crystals,  and  the  leucin  was  separated  from 
the  tyrosin  by  boiling  the  crystals  in  a  mixture  of  glacial  acetic 
acid  and  alcohol.  After  hot  filtration,  the  tyrosin  was  clarified 
with  bone-black  and  recrystallized  several  times  from  cold  water. 
Typical  needles  of  tyrosin,  giving  a  very  strong  Millon's  reac- 
tion, were  obtained.    .Additional  quantities  of  this  amino  acid  were 
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also  derived  from  the  prejia ration  of  tryi)tophane,  as  will  be 
subsequently  described. 

The  hot  alcohol-acetic-acid  tdtratc  containing  the  leucin  was 
treated  with  an  excess  of  co])i)er  carbonate,  boiled,  filtered,  and 
the  dark-blue  filtrate  concentrated  to  crystallization.  I  he  crys- 
tals were  decomposed  with  hydrogen  sulphide,  the  ]i([ui(i  decol- 
orized with  bone-black,  and  then  again  evaporated  to  the  ap])ear- 
ance  of  crystals.  .\  number  of  recrystallizations  from  water 
furnished  silver-like  j)lates  of  pure  leucin. 

A  modification  of  the  method  of  Hopkins  and  Cole  ( 1902)  was 
employed  for  the  preparation  of  tryptophane,  using  Racteriologic 
Peptone  (Parke,  Davis  &:  Company)  as  the  source  of  raw 
material,  which  separated  quantities  of  nearly  pure  tyrosin, 
requiring  only  crystallization  to  I)e  suitable  fof  use.  The  filtrate, 
after  separation  of  tyrosin,  was  made  5  per  cent  acid  with  sul- 
phuric acid  and  precipitation  was  efifected  with  the  mercuric  sul- 
phate reagent. 

After  thorough  washing  with  sulphuric  acid  (5  per  cent),  the 
precipitate  was  decomposed  with  hydrogen  sulphide  and  the  latter 
removed  with  carbon  dioxide.  A  partial  precipitation  with  the 
mercuric  sulphate  reagent  to  remove  cystin  was  now  made,  the 
precipitate  removed,  and  an  excess  of  the  reagent  added  to  the 
filtrate.  The  precipitate  was  again  washed,  decomposed  with 
hydrogen  sulphide,  the  latter  removed  with  carbon  dioxide,  and 
whatever  sulphuric  acid  was  present  was  quantitatively  removed 
with  the  requisite  amount  of  barium  hydroxide.  Filtration  gave 
a  clear  liquid,  which  was  mixed  with  half  its  volume  of  90  per 
cent  alcohol,  concentrated,  decolorized  with  jnirified  blood  char- 
coal, and  again  concentrated  in  vacuum.  After  several  crystal- 
lizations from  alcf)hol,  rhombic  crystals  of  tryj)tophane  were 
obtained  giving  an  intense  reaction  with  Benedict's  (  1909)  modi- 
fication of  the  glyoxilic  acid  reagent. 

P>lood  clots  were  also  found  to  be  the  most  satisfactory  source 
for  the  preparation  of  histidin.  Es.sentially,  the  procedure  given 
by  7*auly  (1904)  was  followed,  the  clots  being  hydrolyzed  with 
concentrated  hydrochloric  acid.  The  hydroly.sate  was  then  con- 
centrated, made  onh-  weakly  acid  with  .sodium  carbonate,  filtered, 
and  then  made  distinctly  alkaline  with  the  .soda.  After  freeing 
from  ammonia  and  diluting,  mercuric  chloride  was  added  to 
produce  precij)itation.      The   precipitate   was   thoroughly   washed. 


1:^) 

dissolved  in  hydrochloric  acid  (  1  :4  )  made  alkaline  with  soda,  and 
diluted,  which  caused  the  whole  of  the  precipitate  to  be  again 
thrown  down. 

DecomjKjsition  of  the  precipitate,  after  washing,  was  effecteil 
by  hydrogen  sulphide,  the  liquid  was  clarified  with  bone-black, 
filtered,  and  the  filtrate  evaporated  to  syrupy  consistency.  Equal 
volume  of  absolute  alcohol  was  now  added,  and  the  material  con- 
centrated in  vacuum.  On  cooling  and  recrystallizing  small  rhom- 
boid crystals  were  obtained,  giving  an  intense  color  with  Pauly's 
(1940)  reagent  and  answering  all  requirements  for  histidin 
dichloride. 

The  hydrochloride  of  glucoseamine  was  preixired  by  hydrolysis 
of  chitin,  obtained  from  decalcified  lobster  shells.  Hydrochloric 
acid  (1:2)  was  employed  as  the  hydrolyzing  agent,  the  liquid 
was  clarified  with  blood  charcoal  and  the  filtrate  evaporated  to 
the  appearance  of  crystals.  The  latter  were  recrystallized  several 
times  from  water  and  finally  were  obtained  pure  in  the  form 
of  parallelograms.  In  aqueous  solutions,  they  strongly  reduce 
Fehling's  solution,  have  a  distinct  acid  reaction  to  litmus  and, 
on  boiling  with  sodium  hydroxide,  are  decomposed  with  elim- 
ination of  ammonia. 

Beef  extract  was  used  as  raw  material  for  hypoxanthin,  xanthin 
and  creatin,  following  the  method  given  in  Hawk's  Practical 
Physiological  Chemistry  (1916.).  Neutral  lead  acetate  was 
added  to  precipitate  the  inorganic  constituents,  the  excess  of 
lead  was  removed  with  hydrogen  sulphide,  and  the  clear  filtrate 
was  concentrated  to  a  thick  syrup.  After  standing  in  the  refrig- 
erator for  forty-eight  hours,  the  syrup  was  extracted  with  88  per 
cent  alcohol,  which  left  a  residue  of  crystals.  The  latter  were 
dissolved  in  water,  decolorized  with  bone-black,  the  filtrate  con- 
centrated to  small  volume  and  allowed  to  crystallize.  Repeated 
crystallization  from  water  gave  a  substance  which  was  identified 
as  pure  creatin.  Creatinin  was  prepared  from  the  creatin  by 
hydrolyzing  with  dilute  sulphuric  acid.  The  excess  of  the  latter 
was  removed  with  barium  carbonate,  the  material  was  filtered 
and  evaporated  to  dryness.  Extraction  of  the  residue  with  95 
per  cent  alcohol  and  evaporation  of  the  solvent  gave  pure 
creatinin. 

The  alcoholic  filtrate  from  the  above  creatin  preparation  was 
evaporated   to    remove   the   alcohol,   made   ammoniacal.   and    pre- 


cipitation  effected  1)\-  ammoniacal  >il\er  nitrate.  The  precipitate 
was  now  treated  with  hoiling  nitric  acid  (specific  .ijravity  of  1.1), 
filtered,  and  the  hypoxanthine  silver  nitrate  (identified  by  its 
crystalline  appearance)  was  allowed  to  separate.  The  latter  was 
decomix)sed  by  hydrogen  sulphide,  filtered,  concentrated  to  re- 
move the  hydrogen  sulphide,  and  make  alkaline  with  ammonia. 
Free  ammonia  was  reinoved  by  heating,  the  precipitate  filtered, 
and  the  filtrate  concentrated  to  small  volume.  On  standing  for 
several  days  in  the  refrigerator,  small  colorless  needles  of  hypo- 
xanthine were  obtained. 

To  the  filtrate  from  the  hypoxanthine  silver  nitrate,  ammonia 
was  added  in  excess,  the  resultant  precipitate  filtered  off  and  then 
decomposed  with  hydrogen  sulphide.  The  filtrate  was  evaporated 
to  a  syrup  and  allowed  to  cr3'Stallize.  Several  recrystallizations 
gave  pure  xanthin. 

The  final  reaction  of  all  of  the  media  described  in  the  succeed- 
ing paragraph  was  adjusted   to  come  within  the   limits.   CH    := 

-I- 
1.0  X  10-^  to  CH  =  :.0  X  10--'.  This  range  has  been  found  by 
Davis  (1918)  in  a  previous  study  on  diphtheria  toxin,  to  give 
ver}'  satisfactory  results  in  the  routine  production  of  high  po- 
tency toxin.  It  is  important  to  note  in  this  connection  that  it 
was  found  necessary  to  use  the  colorimetric  method  for  accurate 
values  of  the  media  reaction.  Electrometric  determination  of 
the  hydrogen  ion  concentration  of  adjusted  media  containing 
amino  acids  proved  to  be  unreliable,  due  to  a  steady  increase  in 

hydrogen   ion   concentration.      In   a   typical   case,    the   value   rose 
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steadily  from  an  initial  CH  =  9.r,  X  10-''  to  about  CH  =  2.5 
X  10-"  at  the  enrl  of  ten  minutes. 

Clark  and  Lubs  (1917),  in  their  work  on  hydrogen  ion  concen- 
tration, mention  that  synthetic  media  present  some  special  prob- 
lems in  reaction  and  suggest  the  possibility  of  decomposition  on 
sterilization.  From  the  fact  that  the  same  phenomenon  occurred 
on  adju.sting  an  unheated  amino  acid  medium,  the  heat  action 
can,  in  this  instance,  be  left  out  of  consideration.  It  is  very 
likely  that  the  increase  is  due  to  some  action  of  the  hydrogen 
while  bubbling  through  the  synthetic  medium. 

In  all  of  the  experimental  work  discussed  below,  the  organism 
employed  was  a  toxicogenic  strain  of  Bact.  diphthcr'ur  originally 
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obtained  from  Dr.  W.  H.  Park  and  known  as  "Park  No.  8.''  When 
grown  in  regular  plain  bouillon,  under  proper  conditions,  this 
culture  has  repeatedly  furnished  a  toxin  of  which  one  L  -f-  dose  is 
less  than  0.15  cc.  A  twenty-four-liour  culture  in  this  medium 
shows  a  heavy  pellicle  and  dejx)sit  with  the  inlernicdiate  bouil- 
lon entirely  clear. 

Unless  otherwise  noted,  the  general  tcchnic  for  toxicogenicitv 
tests  consisted  in  cultivating  the  organism  in  the  experimental 
medium,  contained  in  large  flasks,  for  14  days  at  ;n°  C.  The 
purity  of  the  cultiu'e  was  then  checked,  0.1  per  cent  of  purified 
cresols  were  added,  the  mixed  material  allowed  to  stand  in  the 
refrigerator  for  twenty- four  hours,  and  then  filtered  through  a 
Mandler  filter.  By  this  method  a  clear  product  was  obtained 
for  test  in  which  any  toxic  efifects  due  to  bacterial  ])r()tein  were 
eliminated.  The  toxicity  was  determined  by  subcutaneous  in- 
jection of  250  gram  guinea-pigs  in  accordance  with  the  usual 
procedure  for  valuation  of  the  potency  of  diphtheria  toxin. 

b.     Laboratory  data. 

I.  Synthetic  media.  For  preliminary  experimentation  look- 
ing toward  the  utilization  of  amino  acids  for  the  growth  and 
toxin  production  of  Bact.  diphtheria,  a  number  of  synthetic 
media  were  prepared.  The  various  ingredients  comprising  each 
preparation  were  dissolved  in  a  stated  volume  of  distilled  water 
and  heated  in  flowing  steam  for  fifteen  minutes.  The  requisite 
amount  of  10  N  NaOH  was  then  added  to  give  a  final  reaction 

in  the  completed  product  of  PH  =  8.0  to  PH  =  8.2.  This  was 
readilv  accomplished  bv  cold  titration  against  N  '10  NaOH  to  a 
deep  pink  color  with  phenolphthalein.  following  the  technic  cited 
above  (Davis,  1918). 

The  medium  was  now  steamed  again  for  fifteen  minutes  and 
the  reaction  checked  colorimetrically  (using  phenolsulphon- 
phthalein  and  standardized  H.,BO.,  -  KCl  -  NaOH  solutions) 
as  already  discussed.  After  filtration  and  distribution  as  desired, 
the  material  was  sterilized  for  twenty  minutes  at  11 5° C. 

It  was  apparent,  at  once,  that  a  Bact.  diphthericc  culture 
accustomed  to  peptone  bouillon  could  not  be  successfully  culti- 
vated directly  in  synthetic  media  without  preliminary  acclimati- 
zation.     Accordinglv,   succes.sive  transfers  were  made  from  the 
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bouilKin  inio  mixtures  of  bouillon  and  synthetic  medium  con- 
taining^ gradually  increasing  quantities  of  the  synthetic  media 
until  finally  what  might  be  termed  a  "limiting  concentration" 
of  the  synthetic  medium  was  obtained.  The  various  experi- 
mental media  are  discussed  below  in  detail :  and  the  general  results 
are  summarized  in  table  1. 


Syiilhctic  medium  no.   I 


CONSTITUENTS 

AMOVNTS 
IN    1000  CC. 

OF 

DISTILLED 

«  ATE  It 

CONSTITIENT.S 

AMOCNTS 

IN    1000  CC. 

OK 

DISTILLED 

WATKH 

Tryptophane 

gra  m  s 

0.30 
1.00 
3  00 
l.GO 
0.40 
0.10 

Creatinin 

Sodium  asparaginatc 

Cystin 

Sodium  chloride 

Dipotassium  acid  phosphate 

grams 

0.10 

Tyrosine 

1.40 

Leucine 

0.40 

Glutanunicacidhydrochloridc. 

Glycocoll 

Creatin 

4.00 
3.00 

Typical  luxuriant  growth  was  obtained  in  twenty-four  hours 
with  this  medium  in  mixtures  containing  up  to  9()  per  cent 
synthetic  mediuin  and  4  per  cent  bouillon.  With  concentrations 
of  the  synthetic  medium  greater  than  96  per  cent,  there  was  a 
marked  decrease  in  the  luxuriancy  of  the  growth  and  pellicle 
formation.  Above  98  per  cent  of  synthetic  medium,  practically 
no  growth  was  discernible.  Notwithstanding  the  heavy  growth 
at  96  per  cent,  toxicogenicity  tests  made  by  the  regular  procedure 
at  this  concentration  showed  practically  no  toxin.  Guinea-pigs 
receiving  doses  of  0.1  cc  showed  only  irritation  at  the  point  of 
injection. 

Synthetic  medium  no.  2. 


CONSTITCE.NTS 


Tr  j'ptophane 

Tyrosin 

Leucin 

Glutaminicacidhydrochloride 

Glycocoll 

Creatin 

Creatinin 

Cystin 


0.40 
2.50 
2  50 
1.90 
0.85 
0  10 
0.10 
0.40 


CO.NSTITUENTS 


Sodium  asparaginate 

Histidindichloride 

Sodium  chloride 

Dipotassium  hydrogen  phos 

phate 

Magnesium  sulphate 

Potassium  nitrate 


grama 

1.20 
0.30 
4.00 

3.00 
0.50 
0.20 
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\  ery  satisfactory  growth  hut  practically  no  toxin  was  oh- 
tained  in  mixtures  containing  !)8  per  cent  of  the  ahove  medium  and 
2  per  cent  of  ])lain  houillon.  With  greater  proportions  of  the  syn- 
thetic medium  the  same  effects  were  noted  as  with  medium  no.  1. 
Precipitation  of  the  tyrosin  in  the  medium  under  consideration 
showed  an  excess  of  this  constituent.  The  following  preparation 
was  accordingly  devised  to  contain  a  diminished  quantity  of  this 
amino  acid  and  also  as  a  new  factor,  glucosaminehydrochloride. 
to  note  any  increased  action  through  carhohydrate  addition. 

Synthetic    medium   no.  S 


CONSTITl'EVTS 


Tryptophane 

Tyrosin 

Leucin 

Glutaminicacidhydrochloride 

Cystin 

Creatin 

Glycocoll 


grams 

0.60 
0.80 
3.00 
2.50 
0.40 
0.20 
0.80 


CONSTITUENTS 


Histidindichloride 

Glucosaminehydrochloride 

Sodium  asparaginate 

Sodium  chloride 

Dipotassium  acid  phosphate. 

Magnesium  sulphate 

Potassium  nitrate 


AMOUNTS 
IN    1000  CC. 


fframs 

0.50 
1.50 
0.50 
2.50 
3.00 
0.40 
0.20 


Practicall}-  the  same  results  as  regards  growth  and  toxi- 
cogenicity  were  obtained  with  this  preparation  as  with  the  pre- 
ceding medium  no.  2.  The  protocols  of  the  foregoing  experi- 
ments indicated  that,  in  all  probability,  the  preparation  con- 
tained a  number  of  sujjerfluous  constituents.  Medium  no.  4  was 
accordingly  made  up  with  only  three  amino  acids  and  glucosamine- 
hydrochloride,  but  with  increased  amounts  of  each  of  these  sub- 
stances. 

Synthetic  medium  no    4 


CO.VSTITCENTS 

AMOUNTS 
IN    1000  CC 

or 

DISTILLED 
WATER 

CONSTITUENTS 

AMOUNTS 

IN    1000  CC 

OF 

DISTILLED 

WATER 

Tryptophane 

Histidindichloride 

Cystin 

Glucosaminehydrochloride 

grams 
1.25 
1.25 
0.42 
2.75 

Sodium  chloride 

grams 

2.50 

Dipotassium  acid  phosphate. 
Magnesium  sulphate 

3.00 
0.40 

Heavy  typical  growth  was  obtained  in  this  case  with  05  per 
cent  of  svnthetic  medium  as  the  "limiting'"  concentration.     With 
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a  greater  proportion  of  synthetic  medium  than  !)T  per  cent,  ahnost 
no  growth  was  obtained.  As  was  expected,  the  toxicogenicity 
results  were  negative. 


Synthetic  medium   no.  5 


CONSTITUENTS 


Tryptophane 

Tyrosin 

Leucin 

Glutaminicacidhydrochloride 

GlycocoU 

Sodium  asparaginate 

Cystin 

Histidindichloride 

Creatin 


UISTILLED 
WATER 


grama 

0.60 
1.25 
3.00 
2.50 
0.85 
1.00 
0.40 
0..50 
0.20 


CO.V8TITUENTS 


Creatinin 

Xanthin 

Hypoxanthin 

Sodium  chloride 

Dipotassium  acid  phosphate 

Magnesium  sulphate 

Glucose 

Potassium  nitrate 


grams 

0.08 
0.05 
0.0") 
4.00 
3.00 
0.50 
1.50 
0.20 


With  this  preparation,  which  was  the  most  comprehensive 
synthetic  medium  investigated,  heavy,  typical  growth  was 
obtained  in  a  mixture  containing  as  high  as  99.5  per  cent  of  the 
synthetic  and  only  0..")  per  cent  of  plain  bouillon.  A  slight 
growth  with  slight  pellicle  formation  was  obtained  even  with 
99.8  per  cent  of  synthetic  medium  and  only  0.2  per  cent  of  plain 
bouillon,  but  with  a  concentration  of  bouillon  less  than  the  latter 
amount  the  growth  failed. 

It  was  deemed  of  interest,  in  connection  with  this  medium,  to 
determine  what  proportions  of  the  synthetic  medium  and  bouil- 
lon gave  maximum  toxin  production.  It  was  found  that  a  toxin 
having  an  L+dose  of  0.15  cc  was  still  obtained  where  the  mix- 
ture contained  90  per  cent  synthetic  medium  and  10  per  cent 
bouillon.  At  the  "limiting"  concentration  of  99.5  per  cent, 
however,  even  with  an  apparently  maximum  growth,  potency 
valuations  showed  practically  no  elaboration  of  toxin,  which 
corroborates  previous  findings  with  synthetic  media. 

By  way  of  possibly  obtaining  some  information  as  to  the 
important  constituents  in  the  above  medium,  a  number  of  mix- 
tures were  prepared  containing  99  per  cent  of  differing  svnthetic 
media  together  with  1  per  cent  oi  plain  bouillon.  Inoculation  of 
each   was   made  directly   from  cultures  grown   in  a   99   per   cent 
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mixture  of  medium  no. 
is  jjiven  below : 


The  composition  of  the  preparations 


Synthetic  medium  no.  6 


C0NSTITUENT8 

AMOUNTS 

IN   1000  CC. 

OF 

DISTILLED 
WATER 

CONSTITUENTS 

AMOUNTS 
IN    1000  CC. 

OF 

DI8T1IXED 

WATER 

Tryptoijhane 

grams 

1.60 
0.40 
2.50 
1.50 

Sodium  chloride 

Dipotassium  acid  phosphate. 
Magnesium  sulphate 

grams 
2.50 

Cystin 

Glutaniinicacidhvdrochloride. 

3.00 
0.40 

Glucosaminchydrochloride  — 

The  tran.sfers  into  a  99  per  cent  mixture  of  the  above  showed 
only  a  scant  growth,  indicating  this  to  be  an  inferior  medium  to 
no.  5  for  cultivating  Bact.  diphtheri<£.  On  addition  of  sufficient 
bouillon  to  reduce  the  concentration  of  synthetic  medium  to  97 
per  cent,  maximum  intensity  of  growth  was  again  restored. 


Synthetic   medimn   no.  7 


CO.VSTITUENTS 


Tryptophane 

Cystin 

Sodium  chloride 


DISTILLED 
WATER 


grams 

1.00 
0.75 
2.50 


CONSTITUENTS 


Dipotassium  acid  phosphate. 
Magnesium  sulphate 


AMOUNTS 

IN  1000  CC. 


DISTIIXED 
WATER 


grams 

3.00 
0.40 


Almost  no  growth  was  obtained  here  in  a  99  per  cent  mixture, 
and  only  very  scant  growth  with  the  bouillon  concentration  raised 
to  5  per  cent.  A  reduction  of  the  synthetic  medium  concentra- 
tion to  90  per  cent  was  found  to  be  necessan,'  before  luxuriant, 
typical  growth  could  be  obtained. 

Synthetic  medium    no.    8 


CONSTITUENTS 

AMOUNTS 
IN    1000  CC. 

OF 

DISTILLED 

WATER 

CONSTITUENTS 

AMOUNTS 

IN  1000  CC. 

OF 

DISTILLED 

WATER 

Tryptophane 

grams 

1.60 
0.40 
2.50 
1.00 

Histidindichloride    

grams 

1.20 

Cystin 

2.50 

Glutaminicacidhydrochloride. 
Glucosaminehydrochloride 

Dipotassium  acid  phosphate. 

3.00 
0.40 
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Heavy  typical  growth,  comparable  in  character  and  intensity 
to  that  obtained  in  dilutions  of  medium  no.  5,  was  obtained  in 
!)J)  per  cent  mixtures  of  the  above  preparation.  The  luxuriance 
in  this  case,  however,  began  to  diminish  at  99.2  ])er  cent,  and  no 
growth  was  obtained  in  a  mixture  of  99. o  synthetic  medium  and 
0.5  plain  bouillon. 

Mcdiniu  no.  p.  The  fact  that  it  was  impossible  to  maintain 
metabolism  of  the  microorganism  in  question  on  any  of  the  pre- 
ceding synthetic  media  alone,  suggested  that  some  important 
constituent  might  be  lacking.  By  way  of  attacking  the  problem 
from  a  diflFerent  angle,  gelatin  was  hydrolyzed  with  25  per  cent 
sulphuric  acid  for  twenty-four  hours  on  the  sand  bath.  Suffi- 
cient barium  hydroxide  was  now  added  to  make  the  hydrolysate 
distinctly  alkaline  and  the  resultant  heavy  precipitate  was  filtered 
off.  The  excess  of  barium  hydroxide  was  next  exactly  neutralized 
with  10  per  cent  sulphuric  acid,  the  precipitate  removed  and  the 
clear  filtrate  (tested  to  prove  absence  of  both  Ba  and  SO,  ions) 
was  concentrated  in  vacuum  to  a  thick  syrup. 

From  the  work  of  Levene  and  Beatty  (]906),  it  appears  that 
gelatin  is  lacking  in  cystin,  tyrosine  and  tryptophane.  To  supply 
this  deficiency  in  the  above  hydrolysate,  the  syrup  was  diluted 
with  distilled  water  to  a  total  soHds  concentration  of  2  per  cent 
and  the  following  were  added  to  each  liter  of  medium : 


CONSTITUENTS 


Tryptophane 

Tyrosine 

Cystin 


grams 

0.40 
1.50 
0.40 


CON8TITUE.NTS 


Sodium  chloride 

Dipotassium  acid  phosphate 
Magnesium  sulphate 


prams 

.5.00 
.3.00 
0..50 


The  resultant  product  was  prepared,  distributed,  and  steril- 
ized as  already  described,  and  acclimatization  studies  were  car- 
ried out  as  with  the  straight,  synthetic  media.  Contrary  to 
expectations,  both  the  macroscopical  appearance  and  the  mor- 
phological characteristics  of  the  organisms  imder  investigation 
indicated  that  this  medium  was  inferior  to  most  of  the  preceding 
preparations.  .\  mixture  containing  90  per  cent  of  the  synthetic 
medium  and  10  per  cent  of  plain  bouillon  appears  to  be  the 
"limiting"  concentration  yiermitting  maximum  growth  and  pellicle 
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formation.  Even  at  this  dilution  of  the  mecUum.  the  growth  is 
not  as  vigorous  and  the  formation  of  pellicle  api)ears  more  scanty 
than  obtained  in  the  unmodified  preparations.  Corroborating  the 
foregoing,  toxicogenicitv  results  were  negative. 


TABLE  1 
Growth  and  toxicogenicily  of  Bad.  diphlheriae  in  synthetic  media 


MAXIMUM 

GROWTH 

MEDIUM 

CONCENTRATION            | 

NUMBER 

Synthetic 

Bouillon 

per  cent 

per  ceut 

1 

96.0 

4.0 

2 

98.0 

2.0 

3 

98.0 

2.0 

4 

95.0 

5.0 

5 

99.5 

0.5 

6 

97.0 

3.0 

7 

90.0 

10.0 

8 

99.0 

1.0 

9 

92.0 

8.0 

10 

90.0 

10.0 

I'OXICOQEN- 

ICTTT 

RESULTS 


Negative 
Negative 
Negative 
Negative 
Negative 


Negative 

Negative 
Negative 

Negative 
Negative 


Organisms  shorter,  stain  solid 
Appearance  more  typical 
Same  appearance  as  no.  2 
Growth  not  as  heavy  as  preceding 
Toxin  having  L+  dose  =  0.15  cc  ob- 
tained with  90  per  cent  synthetic, 
10  per  cent  bouillon 
Heavy  growth  light  pellicle  formation 
Short,  plump  bacilli,  stain  solid 
Heavy,    typical    growth   and   pellicle 

formation 
Inferior  growth  scanty  pellicle 
Same  as  preceding 


Medium  no.  lo.  The  fact  that  gelatin  is  of  animal  origin 
suggested  the  use  for  a  culture  medium  of  a  vegetable  protein 
hydrolysate.  1^'or  this  purpose,  gliadin,  the  prolamine  obtained 
from  wheat,  was  ])repared,  according  to  the  procedure  given  by 
Osborne  and  Clapp  (1907).  These  investigators  have  shown 
that  lysine  is  absent  in  gliadin.  and  that  this  protein  contains 
only  ().i)'i  per  cent  of  glycocoll. 

'J'he  gliadin  was  hydrolyzed  exactly  as  carried  out  with  the 
gelatin,  using  botli  the  2")  per  cent  sulphuric  acid  and  the  barium 
hydroxide,  and  the  final  product,  containing  neither  Ba  nor 
SOj  ions,  was  also  diluted  to  a  final  total  solids  content  of  2  per 
cent.  Equal  parts  of  this  hydrolyzed  product  and  of  the  fin- 
ished mediuni  no.  0  were  then  taken.  0.2  gram  of  tryptophane 
added  per  liter,  the  reaction  adjusted,  and  this  composite  was 
then  finished  in  the  usual  way.  As  will  be  noted  from  Table  1. 
practically  the  same  results  were  obtained  with  this  experimental 
])reparation  as  with  medium  no.  !).  and  here.  also,  toxin  j^roduc- 
tion  was  unsuccessful. 
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J.  lihmination  media.  It  apj^ears  to  be  clearly  indicated  from 
the  preceding  experiments  that  metabolism  of  Bact.  diphtherias 
is  not  {>ennitted  in  a  medium  composed  principally  of  amino 
acids.  That  the  amino  acids  are.  however,  important  factors  in 
lx»th  growth  and  toxin  elaboration  with  this  organism  seems  to 
be  plainly  evidenced  from  the  results  already  detailed  with 
medium  no.  o.  The  latter  have  also  demonstrated  that  not  all 
of  these  protein  degradation  products  can  exercise  the  same 
influence. 

Preliminary  cultivation  in  plain  beef  infusion  carried  out  with 
the  Bcict.  dif'Jitfwricr  strain  employed  above,  showed  that  only  a 
scant  growth  with  no  fonnation  of  toxin  is  possible  in  this  me- 
dium. A  Liebig's  Extract  of  Beef  solution  gave  even  poorer 
results.  More  luxuriant  growth  but  still  no  toxicogenicity 
«xrcurred  in  a  *3  per  cent  solution  of  peptone. 

With  the  preceding  facts  in  mind,  several  series,  of  what  might 
be  tenned  '"elimination"  media,  were  now  devised  having  in 
each  series  one  or  two  of  the  above  three  substances  as  basic  ingre- 
dients. The  indi\"idual  amino  acids  or  the  other  materials  incor- 
porated in  the  synthetic  media  already  investigated  were  then 
added  in  the  same  quantities  as  previously  employed,  .\diust- 
ment  of  the  reaction  and  finishing  of  these  media  were  in  accord- 
ance with  the  usual  technic.  In  order  to  acclimatize  tlie  diph- 
theria culture  to  the  various  media,  the  organisms  in  each  case 
were  cultivated  first  for  three  successive  generations  in  "starter" 
flasks  containing  30  cc  of  the  special  broths  and  then  inoculated 
into  the  large  flasks. 

The  experimental  preparations,  together  with  the  results 
obtained,  are  detailed  in  the  accompan>nng  table  '2.  As  may  be 
noted  from  the  table,  five  series  of  the  '"elimination"  media 
were  prepared.  The  first  set  contained  plain  beef  infusion  as  the 
basic  ingredient,  the  second  had  2  per  cent  peptone  (Bacteri- 
ologic.  Parke,  Davis  &  Company)  solution,  and  for  the  third 
series,  a  1  per  cent  Liebig's  Extract  of  Beef  solution  served  as 
the  common  constituent.  In  the  remaining  two  sets,  ordinary 
bouillon  ( 2  per  cent  peptone,  lieef  infusion  and  0.-">  per  cent  of 
sodium  chloride)  and  a  meat  extract  bouillon  (2  per  cent  pep- 
tone, 0.5  per  cent  salt.  1  per  cent  Liebig's  Extract)  were  u«ed  as 
basic  constituents. 

The  presence  of  any  of  these  basic  media  in  a  preparation  is 
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indicated  in  the  table  by  a  (*)  and  the  absence  of  the  others,  by 
the  symbol  ( — ).  The  intensity  of  the  growth  has  been  char- 
acterized as  follows:  (-| — 1-  +  +)  ==  heavy;  (+H--|-)  =  good; 
(-(-  +  )  :=  moderate;  and  (+)  =  scant.  In  the  valuation  of 
toxin  potenc}'.  it  was  not  deemed  necessary  to  determine  the 
minimum  lethal  dose  (M.  L.  D.)  above  I  cc.  l)ut  where  such 
results  were  obtained  they  have  been  designated  by  "'M.  L.  D. 
=  1  cc  +." 

Probably  the  most  significant  of  the  data  presented  in  table  2 
are  the  results  furnished  with  beef  infusion  alone,  as  a  basic 
medium.  Where  2  per  cent  peptone  solution  served  as  the  com- 
mon ingredient,  practically  no  differences  could  be  distinguished 
on  addition  of  the  sjiecial  constituents.  In  each  case,  only  the 
moderate  growth  due  to  peptone  itself  was  obtained.  Except 
where  cystin  was  added,  the  results  given  with  Liebig's  Extract 
were  negative. 

The  purpose  in  using  regular  ( jjeptone  beef  infusion)  bouillon 
and  Liebig's  Extract  (peptone)  bouillon  as  basic  media  was  to 
determine  whether  addition  of  the  amino  acids  and  other  s])ecial 
constituents  caused  any  increase  in  potency  of  the  toxin.  As 
may  be  noted  from  table  2.  the  final  toxicities  furnished  by  the 
plain  bouillon,  special  combinations  are  no  higher  than  those 
given  by  the  same  culture  of  Bact.  diplithcricc  when  cultivated 
in  the  i)lain  bouillon  alone.  Confirming  expectations,  the  special 
media  containing  Liebig's  Extract  gave  results  uniformly  inferior 
to  beef  infusion  and.  in  no  case,  a  final  toxin  of  which  one  L  -j- 
dose  was  less  than  1  cc. 

The  addition  of  cystin  to  plain  beef  infusion,  as  may  be  seen 
from  table  2,  not  only  permits  heavy  typical  growth  with  Bact. 
diplithcricc,  but  a  relatively  strong  toxin  is  also  elaborated. 
Tryptophane,  similarly,  allows  a  heavy  growth,  but  the  resultant 
toxin  is  not  as  active  as  obtained  with  cystin.  Practically  the 
same  results  were  obtained  on  adding  either  glutaminic  acid 
hydrochloride  or  sodium  asparaginate  to  the  beef  infusion. 
Bact.  diphtherice  grew  luxuriantly  in  both  cases,  yielding  a  final 
toxin,  however,  which  had  only  one-fifth  the  strength  of  that 
obtained  with  tryptO])hane.  The  growth  in  presence  of  glvcocoll. 
it  will  be  noted,  was  not  as  heavy  as  with  the  two  preceding 
constituents,  and  the  filtered  toxin  wris  also  weaker  (niinimum 
lethal  dose  equals  0.7 T  cc). 
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T.\BLE  2 
Effect  of  special  constituents  on  growth  and  toiicogenicity  of  Bact.  diphthcriae 


BASIC  MEDI.V 

CH.VR.VC- 
TER  OF 
GROWTH 

POTEN-CT    OF   TOXIN 

CO.VCEVTRATION  OF 

8PECHL 

COVSTITIEN-TS  IN 

1000  CC. 

e 
o 

3 
C 

s 

a 

i. 

a 

c 

•J  a 

Q.3 

REMARKS 

' 

* 

— 

— 

+  +  +  + 

M.  L.  D.  =  0.01  cc. 

Strong  growth  with 

Tryptophane, 
0.60  gram 

^ 

* 

* 

+  + 

+ 

+  +  +  + 

M.  L.  D.  =  1  cc.  + 
M.  L.  D.  =  1  cc.  + 
L  +  =  0.15  cc. 

beef  infusion 
base.  L  +  dose 
of  toxin  =  0.75  cc. 

. 

— 

* 

* 

+  +  + 

L  +  =  1  cc. 

* 

— 

_ 

+  +  +  + 

M.  L.  D.  =  0.0075 

L  +  dose  of  toxin 

Cystin,     0.50 
gram 

* 

* 

~* 

+  + 
+  +  + 
+  +  +  + 

M.  L.  D.  =  1  cc. 
M.  L.  D    =  1  cc. 
L  +  =  0.15  cc. 

with  been  infu- 
fusion  =  0.5  cc. 

— 

* 

* 

+  +  + 

L  +  =  1  cc. 

* 

_ 

_ 

+  + 

M.  L.  D.  =  1  cc.  + 

Only           moderate 

Tyfosin,   1.25 
grams 

* 

* 

~* 

+  + 

+ 

+  +  +  + 

M.  L.  D.  =  1  cc.  + 
M.  L.  D.  =  1  cc.  + 
L  +  =  0.15  cc. 

growth  with  beef 
infusion  base 

— 

* 

* 

+  +  + 

L  +  =  1  cc. 

Glutaininic 
acid    hydro- 
chloride,2.50 

* 
* 

* 

* 

* 

+  +  +  + 

+  + 

+ 

+  +  +  + 

M.  L.  D.  =  0.05  cc. 
M.  L.  D.  =  1  cc.  + 
M.  L.  D.  =  Ice.  + 
L  +  =  0.15  cc. 

Growth  with  beef 
infusion  not  as 
heavy  as  with 
cystin 

grams 

- 

* 

* 

+  +  + 

L  +  =  1  cc. 

* 

_ 

_ 

+  +  + 

M.  L.  D.  =  1  cc.  + 

Growth    with    beef 

Histidin       di- 
chloride,0.50 

* 

* 
* 

+ 

+  + 
+  + 
+  +  +  + 

M.  L.  D.  =  1  cc   + 
M.  L.  D.  =  1  cc.  + 
L  +  =  0.15  cc 

infusion  base 
comparable  to  ty- 
rosine. 

firvLtu 

- 

* 

* 

+  +  + 

L  +  =  1  cc. 

c 

* 

_ 

_ 

+  + 

M.  L.  D.  =  1  cc.  + 

Moderate      growth 

Leucin.     3.00 
grams 

* 

* 
* 

* 

+  + 

+ 

+  +  +  + 

M.  L.  D.  =  1  cc    + 
M.  L.  D.  =  1  cc.  + 
L  +  =  0.15  cc 

only  with  beef  in- 
fusion base 

— 

* 

* 

+  +  + 

L  +  =  1  cc. 

* 

_ 

_ 

+  +  +  + 

M.  L.  p.  =  0.07  cc. 

Beef              infusion 

GlycocoU, 
0.75  grams 

— 

* 

* 

+  + 
+ 

M.  L.  D.  =  1  cc.  + 
M.  L.  D.  =  1  cc.  + 

growth  not  as 
heavy     as     with 

* 

* 

- 

+  +  +  + 

L  +  =  0.15  cc. 

glutacid  HCl 

! 

— 

* 

• 

-I-  +  + 

L  +  =  1  cc. 
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TABLE  2— Continued 


BASIC  MEDIA 

CHAKAC- 
TER  OF 
GROWTH 

POTENCY    OF  TOXIN 

CONCENTR.'.TIO.V    OF 

SPECIAL 

CONSTITUENTS  IN 

1000  CC. 

e 
0 

C 

L 

a 

3| 

REMARKS 

1 

CC 
* 

ll 

^ 

+  +  +  + 

M.  L.  D.  =  0.05 

cc. 

Behavior    same    as 

Sodium  aspar- 

- 

• 

- 

+  + 

M.  L.  D.  =  1  cc. 

+ 

with     glutaminic 

aginate     1.5  ■ 

- 

- 

* 

+ 

M.  L.  D.  =  1  cc. 

+ 

acid             hydro- 

grams 

♦ 

♦ 

- 

+  +  +  + 

L  +  =  0.15  cc. 

chloride 

— 

* 

* 

+  +  + 

L  +  =  1  cc. 

Creatin,     0.2 
gram;  creat- 
inin,     0.15 

* 

_ 

_ 

+  +  + 

M.  L.  D.  =  1  cc. 

+ 

Scant  growth  with 

* 

* 
* 

* 

+  + 

+ 

+  +  +  + 

M.  L.  D.  =  1  cc. 
M.  L.  D.  =  1  cc. 
L  +  =  0.15  cc. 

+ 
+ 

beef  infusion 
base 

gram 

— 

* 

• 

+  +  4- 

L  +  =  1  cc. 

Xanthin,  0.05 
gram ;     hy- 
poxanthin, 
0.05  gram 

* 

* 

* 
* 

* 
* 

+ 

+  + 

+ 

+  +  +  + 

+  +  + 

M.  L.  D.  =  1  cc. 
M.  L.  D.  =  1  cc. 
M.  L.  D.  =  1  cc. 
L+  =  0.15  cc. 
L  +  =  1  cc. 

+ 
+ 
+ 

Beef  infusion 
growth  same  as 
preceding 

* 

— 

_ 

+ 

M.  L.  D.  =  1  cc. 

+ 

Beef             infusion 

- 

* 

- 

+  + 

M.  L.  D.  =  1  cc. 

+ 

growth    same    as 

Glucose 

— 

— 

* 

+ 

M.  L.  D.  =  1  cc. 

+ 

with  creatin 

* 

* 

- 

+  +  +  + 

L  +  =  0.25  cc. 

■ 

— 

* 

* 

+  +  + 

L  +  =  1.5  cc. 

* 

_ 

_ 

+ 

M.  L.  D.  =  1  cc. 

+ 

Behavior    same    as 

Glucoseamine 

- 

* 

- 

+  + 

M.  L.  D.  =  1  cc. 

+ 

with  glucose 

HCl,      2.00    ■ 

- 

- 

* 

+ 

M.  L.  D.  =  1  cc. 

+ 

grams 

* 

* 

- 

+  +  +  + 

L  +  =  0.2  cc. 

■ 

— 

* 

* 

+  +  + 

L  +  =  1-5  cc. 

* 

_ 

_ 

+ 

M.  L.  D.  =  1  cc. 

+ 

Behavior  same     as 

- 

* 

- 

+  + 

M.  L.  D.  =  1  cc. 

+ 

preceding 

Control 

— 

— 

* 

+ 

M.  L.  D.  =  1  cc. 

+ 

* 

* 

+  +  +  + 

L  +  =  0.15  cc. 

— 

* 

* 

+  +  + 

L  +  =  1  cc. 

NaCl,  4 

grams;  K:H 

* 

— 

— 

+ 

M.  L.  D.  =  1  cc. 

+ 

Behavior    same    as 

PO4,  3  grams 

- 

* 

- 

+  + 

M.  L.  D.  =  1  cc. 

+ 

preceding 

MgSO<,  0.4    • 

- 

- 

• 

+ 

M.  L.  D.  =  1  cc. 

+ 

grams ; 

* 

* 

— 

+  +  +  + 

L  +  =  0.15  cc. 

KNO3,    0.2 

- 

* 

* 

+  +  + 

L  +  =  1  cc. 

grams 
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TyiHJsin.  louciii.  and  histidindichldridc.  wlien  added  to  beef 
infusion,  each  appear  t.t)  yield  the  same  resuUs.  They  permit  a 
moderate  ij^rt)\vth  of  the  ori^anism.  but  no  toxin  of  consequence  is 
elaborated.  Comparison  of  the  protocols  i,nven  by  the  remainder 
of  the  special  constituents  investigated  with  those  furnished  by 
the  control  preparations  shows  no  essential  ditTerence.  These 
include  the  results  obtained  with  creatin  and  creatinin,  xanthin 
and  hyjx)xanthin,  the  hydrochloride  of  glucosamine,  glucose, 
the  inorganic  ingredients,  sodium  chloride,  magnesium  sulphate, 
])otassium  nitrate  and  di])otassiinn  hydrogen  phosphate.  The 
growth  of  the  bacillus  and  formation  of  toxin  in  the  various 
"control"  media  have  already  been  discussed. 

DISCUSSION. 

Notwithstanding  the  fact  that  the  amino  acids  by  themselves 
appear  to  be  unable  to  support  the  metabolism  of  Bad.  diph- 
therice,  some  of  these  protein  degradation  products,  as  has  been 
shown  in  the  foregoing,  have  a  decided  influence  on  growth  and 
toxin  production  with  this  organism.  Of  the  various  amino 
acids  investigated,  cystin  seems  to  be  of  special  importance. 
Addition  of  this  sulphur-containing  body  not  only  permits  heavy 
typical  growth  of  the  diphtheria  bacillus  in  a  medium  like  beef 
infusion,  which  is  merely  capable  of  maintaining  metabolism  of 
Bad.  diphthericc ,  but  simultaneously  the  organism  is  now  able  to 
elaborate  a  potent  toxin.  That  this  toxin  is  a  true  diphtheria 
toxin  is  amply  demonstrated  by  its  ability  to  neutralize  diph- 
theria antitoxin,  giving  an  L  -j-  value  for  potency  closely  corre- 
sponding with  the  theoretical  value  derived  from  determination 
of  the  minimuin  lethal  dose. 

The  fact  that  tryptophane  in  beef  infusion  allows  a  growth  of 
Bad.  diphtherice  practically  of  the  same  intensity  as  does  cystin, 
while  the  resultant  toxin  is  of  inferior  potency,  would  suggest 
that  the  sulphur  complex  in  the  cystin  molecule  enters  into 
toxin  production.  It  seems  likely  that  diphtheria  toxin  contains 
sulphur,  and  that  where  tryptophane  and  other  non-sulphur-con- 
taining amino  acids  permit  toxin  elaboration,  with  beef  infusion, 
the  sulphur  portion  of  the  toxin  molecule  is  derived  from  the 
infusion.  Indol  tests  made  after  growth  of  the  organism  in 
trvptophane-containing   media   were    found    to   be   negative,   indi- 
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catitif^  that  in  the  utilization  of  this  conijx)un(l  hy  the  (h'i)htheria 
hacillus.  there  is  no  interniecHate  separation  of  the  indol  rinj;^. 

The  very  close  relationship  of  asparaj^inic  acid  (amino  succinic 
acid)  to  its  next  higher  hoiuologue,  glutaminic  acid  (amino 
glutaric  acid)  appears  to  he  closely  ])aralleled  hy  the  siiuilarity 
in  the  protocols  furnished  hy  hoth  glutaminic  acid  hydrochloride 
and  sodium  asparaginate.  The  growth  of  the  organism  is  of 
e(|ual  intensity  in  presence  of  either  of  these  suhstances  and  a 
toxin  of  practically  the  same  jiotency  is  elahorated  in  hoth  cases. 

It  is  worthy  of  note  that  glycocoll  added  to  heef  infusion  with 
a  reaction  adjusted  to  the  proper  H  ion  concentration  permits 
of  heavy  growth  and  toxin  elahoration  with  Bact.  diphthcr'uc. 
Since  glycocoll  has  no  asymmetric  carhon  atom,  it  might  he 
deduced  that  the  major  factor  contrihuting  to  fonuation  of  toxin 
in  this  case  need  not  necessarily  he  o])tically  active.  I'^irther- 
more,  although  equivalent  results  v/ere  ohtained  with  hoth 
sodiutu  asparaginate  and  glutaminic  acid  hydrochloride,  the 
glutaminic  acid  is  dextrorotatory  while  the  asparaginic  acid 
turns  the  plane  of  polarized  light  to  the  left.  Seemingly,  the 
direction  of  rotation  is  also  of  minor  consequence. 

The  fact  that  it  was  found  impossihle  to  grow  Bact.  diphthcricp 
satisfactorily  and  ohtain  a  production  of  toxin  except  in  the 
presence  of  heef  infusion,  even  though  the  quantity  of  the  latter 
was  relatively  very  small,  suggests  a  food  hormone  requirement 
for  growth,  and  particularly  for  to.xin  production,  hy  the  organ- 
ism. Davis  (11)17)  has  discussed  the  question  of  food  accessory 
factors  with  reference  to  cultures  of  hemophilic  hacilli  and  both 
Lloyd  (1917)  and  Drew  (1917)  with  the  meningococcus.  They 
all  conclude  that  the  presence  of  these  factors  is  es.sential.  As- 
suming that  both  i^eptone  and  Liebig's  Extract  of  beef  are  defi- 
cient in  vitamines.  and  that  ordinary  beef  infusion  has  these 
factors  present,  this  may  partially  explain  the  scant  growth  and 
absence  of  toxin  which  obtained  in  i)resence  of  both  the  peptone 
and  the  extract. 

It  is  readily  appreciated  that  the  preceding  experimentation 
has  not  directly  included  other  imjx)rtant  amino  acids,  partic- 
ularly proline  and  lysine,  although  these  have  been  comprehended 
in  the  hydrolysis  media  nos.  9  and  10  detailed  in  table  1.  The 
experimental  data  obtained,  however,  warrant  the  belief  that  it 
is  not  possible  to  maintain  metabolism  of  Bact.  diphthcricc  in  a 
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niediuin  ct)niiH)se(l  entirely  of  aniini)  acids,  even  after  addition  of 
muscle  extractives  and  mineral  salts.*  This  lends  strength  to  the 
theory  that  diphtheria  toxin  is  an  excretory  product  formed  by 
the  organism  only  when  certain  amino  acids  and  accessory 
factors,  the  latter  perhaps  of  a  vitamine  character,  are  present. 
It  does  not  seem  likely,  as  has  been  claimed  by  several,  that  the 
toxin  is  a  synthetic  product,  built  up  directly  by  Bad.  diphtherice 
from  mineral  ^alts  and  nitrogen  compounds  of  the  cliaracter  of 
amino  acids. 

SUMMARY. 

1.  Bad.  diphthcr'uc  could  not  be  cultivated  in  synthetic  media 
composed  of  amino  acids  and  mineral  salts  adjusted  to  the 
optimum  H  ion  concentration.  Addition  of  the  extractives 
creatin  and  creatinin  and  the  purine  bases,  xanthin  and  hypo- 
xanthin,  was  of  no  advantage. 

2.  Typical  luxuriant  growth  of  Bact.  diplitliericv  was  obtained 
in  a  mixture  of  D!).,')  per  cent  synthetic  medium  and  only  0.5  per 
cent  of  bouillon.  Production  of  active  toxin,  however,  required 
the  presence  of  10  per  cent  bouillon. 

3.  Cystin,  when  added  to  plain  beef  infusion,  a  culture  medium, 
just  capable  of  maintaining  growth  of  Bact.  diplifJicricr,  not  only 
I)ermitted  rapid  and  heavy  vegetation,  but  a  strong  toxin  fmini- 
mum  lethal  dose  equals  0.0075  cc)  was  also  elaborated.  This 
appears  to  be  a  true  toxin  capable  of  neutralizing  the  correspond- 
ing dii)htheria  antitoxin. 

Tryptophane,  under  the  same  conditions,  allowed  almost  as 
heavy  growth,  but  the  resultant  toxin  (minimum  lethal  dose 
equals  0.01  cc)  was  weaker  in  potency.  Glutaminic  acid  hydro- 
chloride and  sodiimi  asparaginate  gave  parallel  results.  The 
growths  were  not  as  heavy  as  with  cystin  or  tryptophane  and,  in 
both  cases,  the  toxin  produced  had  only  one-fifth  of  the  strength 
(minimum  lethal  dose  equals  0.05  cc).  Heavy  typical  growth 
was  also  obtained  with  glycocoll,  l)nt  the  toxin  elaborated  (mini- 
mum lethal  dose  equals  0.07  cc)  was  much  less  potent. 

Moderate  growth  and  practically  no  toxin  production  by 
Bact.  diphtherice  were  obtained  in  beef  infusion  containing 
leucin,  tyrosin,  or  histidindichloride.      .\ddition  to  beef   infusion 


'Experimentation  in  progress  since  tliis  paper  was  read  indicates  that  Rrowth  of 
Bact.  diphtheriae  in  a  100  per  cent  synthetic  medium  is  possible.  This  will  be  dis- 
cussed in  a  later  publication. 
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of  any  of  the  following:  creatin  and  creatinin,  xanthin  and 
hypoxanthin,  glucose,  glucoseamine  hydrochloride,  and  the  in- 
organic salts,  sodium  chloride,  dipotassiuni  hydrogen  phosphate, 
magnesium  sulphate,  and  potassium  nitrate,  permitted  only  scant 
growth  and  consequently  no  toxin.  Substitution  of  the  beef 
infusion  by  either  peptone  or  Liebig's  Extract  resulted  in  deficient 
growth  and  toxin  formation.  This  and  the  data  furnished  by 
the  .s\'nthetic  media  suggest  a  vitamin  requirement  not  only  for 
luxuriant  growth  of  the  organism  but  particularly  for  strong 
toxin  production. 

4.  The  results  obtained  favor  the  belief  that  diphtheria  toxin 
is  not  a  synthetic  product,  but  rather  a  catabolic  substance 
elaborated  by  Bact.  diplithcr'uc  only  in  presence  of  certain  amino 
acids  and  accessory  factors,  the  latter  probably  of  a  vitamin  char- 
acter. 
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A  METHOD  FOR  THE  PRODUCTION  OF  A  HOMO- 
GENEOUS SUSPENSION  OF  BACILLUS 
ANTHRACIS  TO  BE  USED  IN 
AGGLUTINATION 
REACTIONS. 

Arlvle  Noble. 

(Frniii   the    Medical    Research    Laboratories   oi   Parke,  Davis   &   Company,  Detroit,  Mich.) 

Because  of  the  fact  that  an  accurate  and  reh'ahle  method  for 
the  standardization  of  antiantlirax  serum  has  not  yet  been  de- 
veloped, while  the  necessity  for  such  a  method  is  very  ap])arent, 
ex])eriments  were  undertaken  to  make  use  of  the  agglutination 
and  complement  h.xation  reactions.  So  far  the  results  obtained 
from  the  animal  protection  tests  have  not  proved  uniform,  and 
therefore  not  satisfactory,  mainly  because  the  animals  on  which 
the  serum  is  being  tested  are  so  highly  susceptible  to  the  dis- 
ease, and  because  of  the  difficulty  in  standardizing  the  test  cul- 
ture and  maintaining  a  standard  dose,  (\\^e  to  variations  in  the 
virulence  of  different  strains  of  B.  antJiracis. 

Of  the  serum  reactions,  the  complement  fixation  test  has  thus 
far  not  proven  to  be  of  value,  as  a  stable  antigen  has  not  been 
produced,  though  further  experiments  are  being  made  along  this 
line.  W'ith  regard  to  agglutination,  the  results  as  reported  in 
the  literature  appear  quite  conflicting.  Sobernheim  in  reviewing 
the  subject  states  that  the  agglutinating  action  of  serum  on 
anthrax  bacilli  may  be  observed  both  microscopically  and  macro- 
scopically.  though  the  immobility  of  the  bacilli  and  their  incli- 
nation to  arrange  themselves  in  clumps  make  the  judgment  of 
agglutination  difficult ;  and  that  with  many  sera  one  alwavs 
obtains    distinct    agglutination    in    strong    dilution,    while,    on    the 
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Other  hand,  it  is  t)tten  lacking  in  even  hisj^h  grade  anthrax  sernm. 
He  gives  the  statements  of  various  writers,  briefly,  as  follows: 
Sawtschenko  found  that  horse  serum  agglutinated  in  every  case, 
irrespective  of  whether  it  came  from  normal  or  preventatively 
inoculated  animals,  while  dog  serum  of  both  categories  never 
evidenced  agglutinating  ])ower.  Contrary  to  the  report  made  by 
Sobernheim.  that  the  specitically  agglutinating  power  is  usually 
lacking  in  the  anthrax  serum,  Cavine  states  that  a  series  of 
various  anthrax  sera  proved  active,  in  dilutions  of  1-50,000  to 
1-1. ■")0, 000.  or  even  1-500,000.  Gottstein  obtained  completely  nega- 
tive results  in  a  retest  of  these  experiments,  several  high  grade 
sera  from  horses,  cattle  and  sheep  showing  no  agglutination  power. 
Sobernheim  states  that  the  remarkable  fact  can  be  determined 
that  a  serum  agglutinates,  for  example,  the  bacilli  of  virulent 
anthrax  and  of  Pasteur's  Vaccine  I,  but  not  of  Vaccine  II,  while 
another  perhaps  has  no  influence  on  the  virulent  anthrax  and 
Vaccine  II,  but  gives  a  distinct  agglutination  with  cultures  of  Vac- 
cine I. 

From  these  conflicting  statements  Sobernheim  draws  this  con- 
clusion : 

"Although  the  question  of  agglutination  for  anthrax  serum  re- 
quires further  explanation,  we  may  say  that  a  parallelism  exists 
between  the  agglutinating  and  immunizing  power  of  the  serum  in 
no  case,  and  the  presence  or  absence  of  agglutinating  action  has 
absolutely  no  connection  with  the  degree  of  immunity  in  the  serum 
producing  animal." 

It  seems  to  the  writer  that  the  problem  is  largely,  if  not  en- 
tirely, a  problem  of  the  suspension.  Because  of  the  nature  of  the 
organism,  growing  as  it  does  in  long  chains  and  producing  spores, 
it  does  not  easily  lend  itself  to  agglutination  experiments.  How- 
ever, a  homogeneous  suspension  of  B.  anthracis  has  been  prepared 
and  an  increase  of  agglutinins  demonstrated  in  sera  from  horses 
treated  with  vaccines  of  B.  anthracis,  as  against  sera  from  normal 
horses. 

Tlie  suspension  for  the  agglutination  tests  was  prepared  as  fol- 
lows :  The  cultures  employed  were  four  strains  of  B.  anthracis 
furnished  by  the  United  States  Bureau  of  Animal  Industry,  and 
designated  by  them  "Davis,"  "Chestertown."  "N.  H.,"  and  "(;071." 
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These  four  strains  were  transplanted  daily  for  ten  days  on  plain 
agar  and  incubated  at  42.5°C.,  until  a  sporeless  and  very  vigorous 
growth  was  obtained.  Each  strain  was  then  planted  on  plain  agar 
in  quart  whiskey  flasks  and  incubated  for  twelve  hours  at  42.5 °C. 
The  growths  were  washed  ofif  in  physiologic  salt  solution  contain- 
ing 0.5  per  cent  formalin  (about  100  cc  to  a  flask).  The  suspen- 
sions were  shaken  in  a  mechanical  shaker  for  forty-eight  hours. 
After  standing  for  several  days  and  being  tested  for  sterility,  equal 
parts  of  each  suspension  were  mixed  in  a  cylinder;  shaken  for 
twenty- four  hours  ;  and  allowed  to  stand  over  night.  The  larger 
clumps  settle  out.  leaving  a  homogeneous  suspension  above.  This 
u])per  ])ortion  was  poured  ofT  and  filtered  several  times  through 
four  thicknesses  of  sterile  cheese-cloth.  The  suspension  was  then 
diluted  with  physiologic  salt  solution  ])lus  0.5  per  cent  formalin  to 
a  density  corresponding  to  a  suspension  of  B.  typhosus  containing 
2000  million  bacteria  per  cubic  centimeter.  A  suspension  of  B. 
anthracis  so  prepared  is  j^erfectly  homogeneous,  stands  up  for  at 
least  forty-eight  hours  at  3T'-'C.  and  shows  no  spontaneous  agglu- 
tination. 

The  sera  used  were  from  thirteen  horses  which  were  treated 
first  with  vaccines  of  attenuated  cultures  and  then  with  increasing 
doses  of  virulent  B.  anthracis.  The  strains  were  the  same  as  used 
in  the  preparation  of  the  suspensions.  Also,  sera  from  seven 
normal,  untreated  horses  were  tested. 

The  agglutination  tests.  All  the  agglutination  tests  were  macro- 
scopic. In  carrying  out  the  tests,  the  serum  dilutions  were  made 
in  test-tubes  with  physiologic  salt  solution.  The  dilutions  were 
never  started  with  less  than  1  cc  of  undiluted  serum,  and  the 
volume  of  each  dilution  was  always  more  than  sufficient  for  the 
test.  Special  pipettes,  graduated  to  0.5  and  1  cc,  were  employed 
throughout  and  a  diflferent  pipette  was  used  for  each  dilution.  All 
glassware  used  in  connection  with  the  tests  was  clean  and  sterile. 
In  the  test,  each  small  agglutination  tube  contained  0.5  cc  of  sus- 
pension plus  0.5  cc  of  diluted  serum,  with  a  control  tube  con- 
taining 0.5  cc  suspension  plus  0.5  cc  salt  solution.  The  tests  were 
incubated  at  3T°C.  for  twenty-four  hours. 

The  results  of  the  agglutination  reactions  with  antianthrax 
sera  and  normal  horse  sera  are  given  in  tables  1  and  2. 
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TABLE   1 


RESULTS,  JANUARY 

17,  1919 

SEKt'M   niLLTION 

Suspension  —  B.  anthracis 
Sera  — 

Normal 
horse  901 

Antianthi 

ax,  Horse 

1057 

1051 

1050 

1049 

1047 

1015 

1-10 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-20 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1^0 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-80 

+  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-200 

+ 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-100 

- 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-800 

- 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-1600 

- 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-2000 

— 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-3200 

+  +  + 

+  +  + 

+  +  + 

+  + 

+  + 

+  +  + 

1-6400 

+  +  + 

+  + 

+  + 

+ 

+  + 

+ 

1-10000 

+  + 

+ 

- 

+ 

+ 

+ 

1-20000 

+ 

— 

- 

— 

+ 

— 

1-10000 

- 

— 

- 

— 

— 

— 

Control 

- 

— 

— 

— 

— 

— 

— 

+  +  +  represents  complete  agglutination;  ++  partial;  +  slight  agglutination, 
but  still  with  positive  clumping. 

Each  antiserum  has  been  tested  more  than  once  and  different 
bleedings  from  the  same  horse  have  been  tested  with  practically 
no  variation  in  the  agglutination  titer. 

The  sera  from  five  normal  horses,  in  addition  to  the  two  given 
in  the  tables,  gave  agglutination  titers  of  from  1  in  80  to  1  in  20U. 


SUMMARY. 

A  satisfactory  suspension  of  B.  antiiracis,  for  agglutination 
reactions,  has  been  prepared  by  the  described  method.  In  order 
to  be  assured  of  a  homogeneous  suspension  certain  points  must  be 
observed.  The  cultures  must  be  sporeless  and  must  contain  vigor- 
ous growths  free  from  old  organisms.  The  growths  for  the  sus- 
pensions must  be  young,  not  more  than  eighteen  hours  old.  The 
suspension  must  be  thoroughly  shaken  ;  the  larger  clumps  allowed 
to  settle ;  and  then  carefully  strained. 

Agglutinins  have  been  demonstrated  in  the  serum  from  horses 
hyper-immunizefl  with  B.  antiiracis.     The  antianthrax  sera  frotri 
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TABLE  2 


IlESCLTS,  JANl'AHT    18,   1919 

8ERDM 
DILCnON 

Suspension  —  11.  an 
Sera  — 

tliracis 

Normnl 
horse  1665 

Ant 

anthrax,  h 

orse 

1042 

1027 

1025 

967 

956 

955 

953 

1-10 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-20 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-10 

+  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-80 

+ 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-200 

- 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-400 

- 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-800 

- 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-1600 

- 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-2000 

- 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-3200 

+  +  + 

+  +  + 

+  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

1-&400 

+  + 

+  + 

+  + 

+  + 

+ 

+  + 

+  +  + 

1-10000 

+ 

+ 

+ 

+ 

- 

+  + 

+  + 

1-20000 

- 

— 

— 

- 

- 

+ 

+ 

1-10000 

- 

- 

— 

— 

— 

— 

_ 

Control 

— 

- 

— 

- 

— 

- 

— 

- 

thirteen  horses  have  given  agglutination  titers  of  from  1  in  G400 
to  1  in  20,000,  as  against  titers  of  from  1  in  80  to  1  in  200  in 
normal  horses. 

The  agglutination  tests  show  that  certain  antibodies  have  been 
produced  in  horses  treated  with  B.  anthracis,  and  in  the  absence  of 
a  satisfactory  animal  protection  test  or  method  of  complement 
fixation  the  agglutination  test  may  be  used  as  a  method  for  stand- 
ardizin"-  antianthrax  serum. 
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THE  STABILITY  OF  LACTALBUMIN  TOWARD   HEAT. 

Bv  A.  D.  E-MMETT  AND  G.  O.   LUROS. 
(From   tlie    Medical    Research    Laboratories   of   Parke,  Davis   &    Comijaiiy,  Detroit,  Mich.) 

Since  there  seems  to  be  some  specific  and  characteristic  (Hffer- 
ence  between  the  growth-promoting  vakie  of  casein  and  lactal- 
bumin,  which  is  dependent  upon  certain  dietary  conditions  as  shown 
by  comparing  the  results  of  Osborne  and  Mendel,^  McColkim, 
Simmonds,  and  Parsons,-  and  Emmett  and  Euros, '^  we  have  made 
a  further  study  of  this  subject  by  undertaking  to  ascertain  whether 
heat  will  affect  the  nutritive  value  of  lactalbumin  to  the  extent 
that  McCollum  and  Davis  claim  that  it  destroys  the  growth-pro- 
moting.^ value  of  casein. 

N[cCollum  and  Davis*  reported  that,  h\  long  continued  heating  of  milk 
at  90-100'.  the  nutritive  value  of  the  casein  was  impaired;  that,  when  casein 
was  heated  in  an  autoclave  for  1  hour  at  15  pounds  pressure,  it  lost  its 
"biological  value  as  a  complete  protein,"  due  to  some  of  the  amino-acids 
being  broken  down ;  that  wet  milk  powder  heated  for  a  time  in  a  double 
boiler  or  for  1  hour  in  the  autoclave  at  15  pounds  pressure  was  deficient  in 
promoting  growth ;  that  evaporated  milk  whey  was  not  afYected  by  heating 
in  the  autoclave ;  and  that  unrefined  lactose  retained  as  much  of  the  adhering 
water-soluble  B  accessory  after  heating  as  before.  In  view  of  these  find- 
ings, McCollum  and  Davis  concluded  that  it  would  not  be  practicable  to 
purify  casein  by  v.-ashing  it  with  hot  alcohol  as  Funk  and  Macallum''  had 
done,  and  so  proposed  a  method  of  purification  which  did  away  with  the 
use  of  heat  entirely.  Funk  and  Macallum  in  turn  prepared  casein  by  these 
two  methods  and  found  that  there  was  no  difference  between  them  in  respect 
to  their  growth-promoting  value.  Upon  heating  the  casein  in  the  autoclave, 
however,  they  obtained  evidence  which  confirmed  McCollum  and  Davis  as 
to  a  loss  in  the  biological  value  of  casein.  They  attributed  the  change  in  the 
nutritive  value  of  the  protein  to  a  destruction  of  the  antiscorbutic  vitamin. 


'Osborne,    T.    B.,   and    Mendel,    L.    B.,   /.    Biol.    Chcm.,    1915,   xx,    3.-)l;    ibid.,    1916, 
xxvi,    1. 

-McCollum,    E.    v.,     Simmonds,    N.,    and    Parsons,     H.    T.,    /.    Biol.    Cliein.,    1919, 
xxxvii,   287. 

"Emmett.   A.    D.,   and   Lures,   G.   O.,  J.   Biol.   Cliem.,   1919,   xxxviii,    147. 

••McCollum,  E.  v.,  and  Davis,  M..  /.  Biol    Chem.,  1915,  xxiii,  231,  247. 

^Funk,  C,  and  Macallum,  A.  B.,  Z.  physiol.  Chem.,  1914,  xcii,  17;  J.  Biol.   Chem., 
1916,   xxvii,    51. 
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and  not  to  a  l)rcaking  clown  of  the  protein.  Hogan"  studied  the  effect  of 
hiat  on  the  growth-promoting  value  of  corn,  egg  albumen,  and  casein.  His 
data  indicate  that  when  corn  was  heated  in  the  autoclave,  no  growth  resulted, 
while  excellent  results  were  obtained  with  unheated  corn.  Egg  albumen, 
heated  in  the  autoclave,  and  then  combined  with  protein-free  inilk,  butter, 
starch,  and  agar  so  as  to  make  a  9  per  cent  protein  diet,  was  very  slightly, 
if  at  all.  impaired.  Upon  heating  casein  in  an  autoclave  tmder  15,  30,  and 
45  pounds  pressure,  respectively,  for  2  hours,  and  making  up  three  correspond- 
ing rations  with  protein-free  milk,  butter  fat,  starch,  and  agar,  and  com- 
paring each  with  a  ration  containing  unheated  casein,  Hogan  obtained  results 
which  indicated  that  casein  was  not  affected  by  heat.  His  conclusions  were 
that  heat  does  not  lower  the  nutritive  value  of  the  casein,  but  that  one  or 
more  of  the  food  accessories  may  be  affected. 

In  the  .series  of  tests  reported  here  on  the  effect  of  heat  upon 
the  ntitritive  valtte  of  lactalhtmiin,  we  stibjected  this  j^rotein  to 
different  temperatures  and  then  incor])orated  it  in  the  basal  diet. 
The  control  supply  of  lactalbumin  was  dried  in  vacuo  at  55-60° 
(Chart  1).  Portions  of  this  lot  were  then  heated  as  follows:  (a) 
in  the  air  oven  at  90-100^  for  16  to  18  hours  (Chart  2)  ;  (b)  in 
the  autoclave  at  15  pounds  pressure  for  2  hours  (Charts  3,  4,  and 
5)  ;  and  (c)  in  the  autoclave  at  15  pounds  pressure  for  6  hours 
(Chart  6).  The  basal  diet  was  composed  of  protein-free  milk  28 
per  cent;  butter  fat  5,  18,  or  28  per  cent;  lard  none  or  10  per 
cent ;  and  starch  to  make  up  the  balance  after  adding  the  protein. 
In  each  case,  10  per  cent  of  lactalbumin  protein  was  employed, 
this  being  based  upon  the  nitrogen  content  of  each  of  the  proteins. 

The  protocols  accompanying  the  charts  give  the  details  of  the 
different  tests.  It  will  be  seen,  from  the  curves  showing  the  rate 
of  growth  for  the  different  groups  of  rats,  that  heating  the  lactal- 
bumin had  no  effect  upon  its  growth-promoting  value. 

In  view  of  this  fact,  it  is  of  interest  to  compare  these  results 
with  our  former  conclusion,  that  lactalbumin  is  a  complete  pro- 
tein for  growth,'  and  to  correlate  the  evidence  that  we  put  forth 
to  show  that  the  difference  between  lactalbumin  and  casein  may 
be  based  on  the  vitamin  hy}X)thesis. 

Studying  the  basal  diets  of  McCollum  and  Davis,  bTmk  and 
Macallum,  and  Hogan,  it  will  be  seen  that  their  experimental 
rations  differed  in  two  essential  points:  first,  in  respect  to  the 
amount  of  butter  fat  used,  and  second,  in  respect  to  the  source  of 
water-soluble  vitamins  employed.  Thus,  McCollum  and  Davis 
used  5  per  cent  Ijutter  fat  and  obtained  their  water-soluble  vita- 


•Hogan.  A.  G,,  7.  Biol.  Cheni.,   I'JIG,  xxvii,   H»3;   ihid.,   1917,   xxx,   11; 
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min.s  from  powdered  milk,  milk  whey,  wheat  germ,  or  lactose. 
Funk  and  Macallum  employed  no  bi.tter  fat  but  obtained  the  fat- 
soluble  A  accessory  from  dried  yeast  which  also  furnished  the 
water-soluble  B.  Orange  juice  was  also  used.  Hogan  incorpor- 
ated 30  per  cent  of  butter  fat  in  his  rations,  and  for  the  water- 
soluble  vitamins  he  used  either  corn,  or  protein-free  milk. 

From  the  standpoint  of  the  amount  of  butter  fat,  it  might  be 
said  that  Hogan  obtained  normal  growth  with  heated  casein  be- 
cause he  used  30  per  cent  of  butter  fat,  while  McCoUum  and 
Davis  secured  poor  results  on  account  of  having  only  5  per  cent 
of  the  fat  present.  It  is  easy  to  conceive  that  the  larger  amount  of 
butter  fat  might  have  altered  the  palatability  of  the  ration  so  that 
the  food  intake  was  modified  and  thereby  produced  a  difference 
in  gain  in  weight;  or  it  might  be  that  this  diet  was  more  easily 
assimilated.  Osborne  and  MendeF  and  Maignon^  found  that  the 
availability  of  protein  varied  directly  with  the  amount  of  fat  pres- 
ent. The  data  given  in  Charts  3,  4,  and  5,  where  18,  5,  and  28 
per  cent,  respectively,  of  butter  fat  was  mixed  with  the  2  hour 
autoclave  lactalbumin,  indicate  clearly  that  the  amount  of  butter 
fat  had  no  effect  upon  the  rate  of  growth.  One  group  of  rats 
grew  as  well  as  another  and  the  body  condition  of  each  was  equally 
good.  This  is  brought  out  more  clearly  perhaps  when  the  food 
intake  is  considered.  Table  I  shows  that  the  group  consuming 
the  low  fat  diet  ate  more  food  than  did  the  one  on  the  high  fat 
ration.  In  other  words,  the  low  fat  group  consumed  much  more 
protein,  and  if  the  heated  lactalbumin  had  been  toxic,  we  would 


T.MILE  I. 
Average  Values  for  Each  Group  for  Five  Weeks. 


Lactalbumin. 

Fat. 

Gain  pec 
day. 

Food  in- 
take per 
day. 

Gain  per 
gmof 
food. 

Butter 
fat. 

Lard. 

Total. 

Unheated 

6  hour  autoclave 

2    "             "           

9     "                " 

2    " 

pir  cent 

18 
18 

18 

28 

5 

per  cent 

10 
10 
10 

per  cent 

28 
28 
28 
28 
5 

9>n. 

1.56 
1.50 
1.34 
1.72 
1.60 

gni. 

0.6 
7.8 
6  5 
7.7 
12.9 

per  cent 

23.6 
19.2 
20.9 
22,8 
12.4 

'Osborne,  T.  B.,  and  Mendel,   L.   B.,  J.  Biol.  Chem.,  1918,  xxxiv,  521. 
'Maignon,  F.,   Compt.  rend.  Acad.,  1918.  clxvii,   172. 
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not  have  obtained  results  which  were  equal  to  those  made  by  the 
hig-h  fat  group  where  less  protein  was  ingested.  Further,  in  com- 
paring the  food  intake  for  the  heated  and  unheated  lactalbumin 
rations  with  18  per  cent  butter  fat  and  10  per  cent  lard,  the 
differences  were  so  slight  that  it  is  evident  that  the  heated  protein 
was  not  toxic.  These  findings  suggest  that  the  percentage  of 
butter  fat  in  the  ration  had  no  special  function  in  making  the 
heated  lactalbumin  more  available  than  the  unheated  protein,  and 
it  is  more  than  likely  that  it  had  no  influence  upon  the  heated 
casein  which  Hogan  used. 

With  regard  to  the  water-soluble  vitamins,  in  the  case  of  Mc- 
Collum  and  Davis'  report,  it  so  happened  that  in  their  various 
rations  which  contained  milk  or  its  components,  they  had  present, 
when  they  obtained  good  growth,  some  constituents  of  the  milk 
which  had  not  been  heated.  Thus,  with  the  heated  casein  they 
had  unheated  milk  whey  or  lactose,  while  with  the  unheated  casein 
they  used  heated  whey  or  lactose.  In  other  words,  their  combina- 
tion of  milk  food  substances  was  such  that  there  was  a  good  pos- 
sibility that  the  unheated  constituent  carried  an  accessory  (which 
we  have  already  suggested  as  being  able  to  be  absorbed  by  lactose 
and  possibly  by  casein)  and  that  this  was  responsible  for  the 
growth  on  the  rations.  To  be  sure,  the  authors  cover  this  point 
in  part  by  showing  that  the  wheat  embryo  can  be  heated  for  1 
hour  in  the  autoclave  at  15  pounds  pressure  and  then  when  it  is 
added  to  a  diet  of  polished  rice  and  butter  fat,  it  is  still  able  to 
supply  the  water-soluble  B  vitamin.  However,  from  some  of 
our  results  which  are  now  in  preparation  for  publication,  we  have 
evidence  to  show  that  heat  will  partially  destroy  a  particular  vita- 
min (other  than  the  water-soluble  B)  that  relates  to  growth, 
and  that  the  rate  of  growth  will  depend  largely  upon  the  amount 
of  the  substance  present  and  also  upon  the  degree  of  heating. 
That  is,  if  the  minimum  amount  or  slightly  more  of  the  unheated 
material,  which  carries  the  vitamin,  is  present,  normal  growth 
will  occur,  but  heating  this  vitamin  will  cause  poor  growth  or 
no  growth  at  all.  If,  however,  there  is  an  excess  of  the  vitamin 
present  in  the  unheated  food,  the  effect  of  heating  it  will  not  be 
so  marked. 

Funk  and  Macallum  obtained  poor  growth  with  heated  casein 
even  when  dried  yeast  was  in  the  ration,  but  when  1  cc  of  orange 
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juice  was  added  each  day  they  obtained  good  results.  This  stim- 
ulation of  growth  was  attributed  to  the  antiscorbutic  vitamin  in 
the  juice.  Hogan  supplemented  each  of  his  casein  rations  with 
protein-free  milk  just  as  we  did  with  lactalbumin.  Protein-free 
milk  contains  80  per  cent  of  lactose,  and  we^  have  shown  that 
lactose  has  some  peculiar  biological  property  of  stimulating  growth 
which  is  due  either  to  its  ability  to  overcome  toxicity  or  else  to  a 
vitamin  (other  than  the  water-soluble  B)  which  it  appears  to 
absorb.  Therefore,  it  may  be  that  the  lactose  in  the  protein-free 
milk  carried  enough  of  the  accessory  or  vitamin  to  effect  normal 
growth  with  casein  in  Hogan's  experiments.  Chart  7  illustrates 
how  the  addition  of  lactose,  as  a  j^artial  substitute  for  starch  in  an 
otherwise  -complete  diet,  stimulated  growth. 

Our  inference  would  be,  therefore,  that  this  accessory  or  vita- 
min was  the  factor  that  brought  about  the  difference  between 
the  values  of  heated  casein  of  AlcCollum  and  Davis  on  the  one 
hand,  and  of  Hogan  on  the  other.  This  vitamin  is  different 
from  the  so  called  water-soluble  B,  which  is  stable  toward  heat. 
Whether  it  is  the  same  as  the  antiscorbutic  vitamin,  as  suggested 
by  Funk  and  Macallum,  is  being  studied.  Pitz"  claims  that  lactose 
used  as  a  supplement  to  certain  foods  will  prevent  the  onset  of 
scurvy  for  20  weeks.  Cohen  and  Mendel^"  found  that  with  very 
highly  purified  lactose  scurvy  was  not  retarded.  In  some  pre- 
liminary experiments,  we  have  found  that  our  purified  lactose 
was  not  efficacious  in  curing  scurvy  in  guinea  pigs  in  the  advanced 
stage.  Further  study  on  the  specific  function  of  lactose  is  under 
way. 


•'Pitz,  W.,  J.   Biol.   Chem..   1918,  xxxiii,  471. 

'"Cohen,  B..  and  Mendel,  L.  R.,  /.  Biol.  Chem.,  1918,  xxxv,  425. 
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CONCLUSIONS. 

From  the  results  of  the  effect  of  heat  on  lactalbumin  the  data 
indicate:  (1)  that  his^h  temjieratures  do  not  influence  the  growth- 
protnoting  vakie  of  lactalbumin  when  dried  in  vacuo  at  55°,  or 
heated  in  an  air  oven  at  90-100°  for  16  hours,  or  in  an  autoclave  at 
15  pounds  pressure  for  2  and  G  hours,  respectively;  (2)  that  the 
amount  of  butter  fat.  whether  5,  18,  or  28  per  cent,  when  used 
with  a  2  hour  autoclaved  lactalbumin,  has  no  influence  on  the  rate 
of  growth;  (3)  that  heated  lactalbumin  is  not  toxic  for  young 
growing  rats;  (4)  that  our  previous  conclusion  regarding  the 
excellent  growth-promoting  value  of  lactalbumin  is  further  sub- 
stantiated on  the  hypothesis  that  there  is  a  vitamin  factor  involved 
which  is  different  from  the  water-soluble  B. 


/ 

/ 

A 

y 

/ 

/ 

/ 

// 

'  / 

■f 

/ 

// 

/  "^7 

/  / 

'' 

[30  iiijS  > 

200 


idO 


l£0 


140 


120 


iOO 


60 


60 


-J-0 

Chart  1.  The  rats  in  this  group  were  fed  a  ration  with  10  per  cent  lard  and  18 
per  cent  butter  fat,  and  10  per  cent  of  lactalbumin  protein  which  had  been  thoroughly 
purified  by  washing  with  hot  water,  then  digesting  a  number  of  times  with  hot  alcohol, 
and  finally  washing  with  ether.  This  lactalbumin  was  then  dried  in  vacuo  at  55-60° 
for  12  hours.     Normal  growth  resulted. 
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Chart  2.  The  diet  for  these  rats  was  the  same  as  that  for  the  animals  in  Chart 
1,  except  that  the  lactalbumin  was  heated  at  90-100°  for  16  to  18  hours  in  an  air 
oven.  There  was  very  little  difference  in  the  rate  of  growth  between  this  group  and 
that  fed  the  unheated  lactalbumin. 
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Chart  3.  The  diet  differed  from  the  control  ration  (Chart  1)  in  having  10  per 
cent  of  protein  from  lactalbumin  which  had  been  heated  in  the  autoclave  for  2  hours 
at  15  pounds  pressure. 
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Chart   4.     The   ration   was   the    same   as   that   fed   to   the    rats   for   Chart   3,   except 
that   only  5   per  cent  of  butter  fat  and  no  lard   were   used. 
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Chart  5.     The  ration  used  for  these  rats  was  the  same  as  that  fed  to  the  group 
represented  in  Charts  3  and  4,  except  for  the  increase  in  butter  fat  to  28  per  cent. 


167 


2.40 

200 
(60 
J60 


y 

/ 

' 

/ 

/ 

/ 

if 

1 

( 

Ddifs  20 


40 


60 


do 


Chart  6.  The  ration  differed  from  the  control  diet  (Chart  1)  and  those  for 
Charts  2  and  3,  in  having  10  per  cent  protein  from  lactalbumin  which  had  been 
heated    in    the   autoclave    for    0    hours   at    1.')    pounds   pressure. 
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Chart  7.  The  diet  for  Period  1  was  composed  of  unhealed  lactalbumin  protein, 
10  per  cent;  butter  fat,  18  per  cent;  lard,  10  per  cent;  hot  alcohol  extract  of  wheat 
germ,  5  per  cent;  and  starch  to  make  up  the  balance.  In  Period  2,  part  of  the  starch 
was  replaced  by  24.6  per  cent  of  purified  lactose;  otherwise  the  diet  was  the  same 
as  in  Period  1.     This  shows  that  the  addition   of  lactose  stimulated  growth. 
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Plates  2  to  5. 

A  number  of  studies  have  been  reported  upon  the  growth  and 
development  of  frog  larvae  as  influenced  by  feeding  certain  pro- 
ducts in  toto,  such  as  glandular  materials.  As  far  as  we  are  aware, 
however,  no  one  has  incorporated  in  the  feeding  of  such  larvae 
conditions  which  were  intended  to  control  definitely  the  nutritive 
value  of  the  diet  in  terms  of  protein,  carbohydrate,  fat,  mineral 
salts,  and  the  food  accessories,  hormones  or  vitamins.  We  have, 
therefore,  attempted  in  this  preliminary  report  to  give  a  summary 
of  our  studies  along  this  line  with  a  view  of  supplementing  it  from 
time  to  time  in  the  light  of  further  findings. 

Hopkins,  Osborne  and  IMendel,  McCollum  and  associates,  and 
several  others  have  made,  during  the  last  few  years,  valuable  con- 
tributions, in  their  studies  with  rats  and  mice,  to  the  nutritive  value 
of  synthetic  food  mixtures.  They  have  shown  that  proteins,  fats, 
salt  mixtures,  and  vitamins  each  occupy  a  peculiar  place  in  the 
physiological  economy — not  alone  in  respect  to  the  amount  present 
in  diet  but  also  in  respect  to  the  quality  or  kind  of  each  nutrient. 

It  was  thought  by  using  this  particular  species  of  amphibians, 
namely  frog  larvae  (Rana  pipiens)  which  have  a  characteristic 
life  cycle — passing  through  the  tadpole  stage  to  the  frog — that  we 
might  be  able  to  determine  some  interesting  facts  regarding  their 
nutrition  with  respect  to  size  and  degree  of  metamorphosis.  One 
great  advantage  in  using  such  larvae  in  place  of  larger  animals 
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is  that  one  can  work  witli  large  numbers  and  thereby  be  able  to 
draw  fairly  definite  conclusions.  On  the  other  hand,  it  is  readily 
seen  that  serious  objections  may  be  raised  in  the  making  of  prac- 
tical tests.  For  example,  if  the  larvse  are  fed  in  large  groups 
there  is  no  way  of  measuring  the  food  intake,  or  of  preventing 
the  more  vigorous  ones  from  taking  the  food  from  the  weak,  or 
of  eating  the  tadpoles  that  die  occasionally,  and  no  means  of  con- 
trolling the  water-soluble  content  of  the  diet  if  water  is  allowed 
to  flow  through  the  trays  continuously. 

EXPERIMENTAL. 

The  tadpole  eggs  were  collected  in  the  near  vicinity  and  brought 
to  the  laboratory  with  every  precaution  to  prevent  injury,  since  in 
the  late  stages  of  segmentation  the  eggs  are  very  delicate.  Imme- 
diately after  hatching,  the  tadpoles  were  grouped  into  colonies  of 
500  each,  being  placed  in  enamel-lined  trays.  Special  attention 
was  paid  to  the  hygienic  conditions  of  the  surroundings.  Thus, 
the  ventilation  of  the  room,  which  was  used  only  for  this  work, 
was  regulated  ;  the  bright  light  was  eliminated ;  the  trays  were 
thoroughly  cleaned  at  regular  intervals ;  unused  food  was  removed 
frequently  to  prevent  the  formation  of  toxic  substances  due  to 
decomposition ;  and  fresh  water  was  supplied  two  to  three  times 
daily.  The  water  used  was  from  the  city  supply,  but  it  was  first 
passed  through  a  Hygeia  filter  which  removed  the  suspended 
organic  matter. 

In  order  to  obtain  a  permanent  record  of  the  progress  of 
growth,  photographs  were  taken  each  week  of  a  selected  group 
from  each  colony.  The  selection  was  governed  by  choosing  from 
each  tray  an  equal  number  of  the  largest,  medium,  and  smallest 
specimens.  Shadow  photographs  were  made  by  subjecting  the  tad- 
poles to  an  instantaneous  exposure  of  an  arc  light  From  these 
photographic  records,  measurements  were  made  of  all  the  tad- 
poles, including  body  width,  body  length,  and  total  length  with 
tail. 

Late  in  the  experiment  when  the  limb  buds  began  to  appear, 
microscopic  examination  of  all  the  tadpoles  in  each  tray  was 
made.  Following  a  definite  scheme,  each  tadpole  was  classified 
according  to  its  stage  of  development,  and   from  these  data  the 
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percentage  distribution  of  the  tculjjoles  was  calculated  tor  the 
groups  that  were  on  different  diets.  In  addition  to  this  an  attempt 
was  made  to  preserve  each  week  representative  specimens  from 
every  group  and  to  make  a  histological  study  of  the  serial  sections 
made  from  these  specimens.  The  individual  variations  between 
the  tadpoles  ])rove(l  to  be  too  great  a  factor,  and  for  this  reason 
the  histological  data  will  not  be  reported  at  this  time.     Text-fig. 

I,  page  177,  illustrates  the  scheme  followed  in  determining  the 
various  stages  of  development  of  the  hind  legs  of  the  frog  larvae. 

The  feeding  of  the  colonies  or  groups  was  done  at  specified 
times,  always  following  the  cleaning  of  the  trays.  The  endeavor 
was  to  feed  enough  yet  not  too  much,  so  as  to  avoid  an  excess 
of  material  remaining  in  the  trays.  This  was  governed  in  part 
by  weighing  out  the  food. 

The  synthetic  diets  were  made  up  of  various  combinations  of 
food  substances:  for  protein,  lactalbumin  (1)  and  corn  gluten  (2) 
were  used ;  cystine  was  also  introduced  as  a  supplement  to  corn 
gluten ;  for  carbohydrate,  purified  starch  or  dextrin  was  used,  and 
lactose,  where  Osborne  and  Mendel's  protein-free  milk  (3)  was  in- 
corporated ;  for  fat,  butter  fat  was  employed  as  a  carrier  of  fat- 
soluble  A.  lard  was  also  used ;  for  mineral  salts,  the  McCoUum 
Salt  Mixture  185  was  taken  (4)  except  when  protein-free  milk 
was  in  the  diet ;  for  water-soluble  B  vitamin,  either  an  alcohol 
extract  of  dried  brewers'  yeast,  or  protein-free  milk  was  selected ; 
and  for  another  source  of  fat-soluble  A.  other  than  butter  fat, 
we  took  an  alcohol  extract  of  linseed  oil  meal  (">)  which  had  first 
been  treated  with  ether  to  remove  the  oil.  Table  I  gives  the  com- 
position of  the  diets  fed. 

DISCUSSION. 

/.  Ejfect  of  Diet  on  the  Sice  of  the  Tadpole. 

{A)  Influence  of  the  Amount  of  fat. — In  Table  I,  it  will  be 
seen  that  the  rations  or  diets  were  arranged  in  two  general  classes. 
Groups  I  and  II.  The  former  was  made  up  in  accordance  with 
the  usual  formula  proposed  by  Osborne  and  Mendel ;  that  is, 
these  diets  were  high  in  fat,  containing  from  23  to  28  per  cent  of 
either  lard  alone  or  a  mixture  of  lard  and  butter  fat.     In  group 

II,  the  McCoUum  formula  was  followed  as  to  fat;  /.  e.,  5  per  cent. 
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TABLE  1. 

Percentage  Composition  of  the  Diclf 


Diet 
No. 

Foods  in  diet. 

Diet 
No. 

Foods  in  diet. 

per 

per 

(■t-nt 

cent 

Lactalbuniin  (protein). 

10.0 

Lactalbumin  (protein). 

10.0 

Protein-free  milk,  puri- 

Salt mixture.! 

3.7 

Ii 

fied. 

28.0 

Ill 

Butter  fat. 

5.0 

Butter  fat. 

IS.O 

Yeast  extract  (alco- 

Lard. 

10.0 

holic.) 

1.0 

Lactalbumin  (protein). 

10.0 

Lactalbumin  (protein). 

10.0 

I: 

Salt  mixture. t 

3.7 

II. 

Salt  mixture.! 

3.7 

Butter  fat. 

18.0 

Butter  fat. 

5.0 

Lard. 

10.0 

Lactalbumin  (protein). 

10.0 

Lactalbumin  (protein). 

10.0 

I: 

Protein-free  milk,  puri- 

II3 

Salt  mixture.! 

3.7 

fied. 

28.0 

Yeast  extract  (alco- 

Lard. 

28,0 

holic). 

1.0 

Lactalbumin  (protein). 

10.0 

Lactalbumin  (protein). 

10.0 

I4 

Salt  mi.xture.t 

3.7 

II. 

Salt  mixture.! 

3.7 

Lard. 

28.0 

Lard. 

5.0 

Lactalbumin  (protein). 

10.0 

Lactalbumin  (protein). 

10.0 

Protein-free  milk,  puri- 

Salt mixture.! 

3.7 

fied. 

28.0 

Lmseed  meal  extract 

I7 

Linseed  meal  extract 

II7 

(alcoholic). 

5.0 

(alcoholic). 

5.0 

Yeast  extract  (alco- 

Lard. 

23.0 

holic). 

1.0 

Lard. 

5.0 

Lactalbumin  (protein). 

10.0 

Lactalbumin  (protein). 

10.0 

Protein-free  milk,  puri- 

Salt mixture.! 

3.7 

I, 

fied. 

28.0 

II9 

Yeast-     extract      (alco- 

Yeast     extract      (alco- 

holic). 

1.0 

holic). 

1.0 

Lard. 

5.0 

Lard. 

27.0 

Corn  gluten  (protein). 

10.0 

Corn  gluten  (protein). 

10.0 

Salt  mixture.! 

3.7 

Cystine. 

0.2 

III. 

Butter  fat. 

5.0 

III4 

Salt  mixture.! 

3.7 

Yeast     extract      (alco- 

Butter  fat. 

5.0 

liolic). 

1.0 

Yeast      extract      (alco- 
holic). 

1.0 
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Diet 
No. 

Foods  in  diet. 

Diet 
Xo. 

Foods  in  diet. 

ptT 

p,r 

cent 

c.nt 

Lactalbumin  (i)rotein). 

30.0 

Lactalbumin  (protein). 

30.0 

Salt  mixture.! 

3-.  7 

Il2a 

Salt  mixture.! 

3.7 

Il.a 

Butter  fat. 

Yeast     extract      (alco- 
holic). 

5.0 
1  0 

Butter  fat. 

5.0 

Lactalbumin  (protein). 

15.0 

Lactalbumin  (protein). 

15.0 

Salt  mixture. t 

3.7 

IV5 

Salt  mixture.! 

3.7 

IV4 

Butter  fat. 

5.0 

Butter  fat. 

5.0 

Yeast      extract      (alco- 

holic). 

1.0 

Lactalbumin  (protein). 

15.0 

Lactalbumin  (protein). 

15.0 

IV, 

Salt  mixture. t 

3.7 

IVs 

Salt  mixture.! 

3.7 

Lard. 

5.0 

Yeast      extract      (alco- 

holic). 

1.0 

Beef  tissue  (protein). 

15.8 

Lactalbumin  (protein). 

5.0 

Oats,  rolled  (protein). 

1.9 

Corn  gluten  (protein). 

5.0 

IV.o 

Salt  mixture.! 

3.7 

V, 

Salt  mixture.! 

3.7 

Butter  fat. 

5.0 

Butter  fat. 

5.0 

Yeast     extract      (alco- 

Yeast    extract      (alco- 

holic). 

1.0 

holic). 

1.0 

Lactalbumin  (protein). 

10.0 

Lactalbumin  (protein). 

30.0 

Salt  mixture.! 

3.7 

Salt  mixture.! 

3.7 

III, 

Butter  fat. 

Yeast      extract      (alco- 
holic). 

5.0 
1.0 

VI2 

Lard. 

5.0 

*  In  these  rations  purified  starch  was  used  in  making  up  the  total  per- 
centage, except  in  Ration  Ills  where  dextrin  was  employed. 

!McCollum,  E.  v.,  Simmonds,  N.,  and  Pitz,  W.,  /.  Biol.  Chem.,l9lQ, 
XXV,  105.     Salt  Mixture  185. 

It  will  be  seen  from  Fig.  1  that  the  tadpoles  fed  the  high  fat 
diet  (Ii)  were  smaller  than  those  that  were  fed  the  low  fat  diet 
(III).  The  periods  referred  to  were  1  week  apart.  These  per- 
manent records  were  given  from  the  time  that  differences  began 
to  be  evident.  The  diets  in  these  two  cases  were  complete  in 
the  sense  that  they  were  sufficiently  well  balanced  as  to  all  the 
essential  nutrients  needed  to  produce  normal  growth  in  young  rats. 
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(5)  Influence  of  flic  Vitamins. — Inasmuch  as  the  low  fat  diet 
appeared  to  be  best  for  the  tadpole,  it  is  obvious  that  any  com- 
jiarisons  between  j^roups  with  res])ect  to  their  nutritive  value 
should  be  made  on  this  plane.     If  the  diets  from  Groups  II,  and 

110  are  compared,  it  will  be  seen  that  they  differed  in  that  the 
yeast  vitamin  was  removed  from  the  former  and  an  equivalent 
amount  of  starch  substituted  for  it.     In  Fig.  2,  the  control  Group 

111  showed  distinctly  larger  tadpoles  than  Group  II.m  up  to  Period 
10,  when  the  differences  were  not  nearly  so  marked.  Whether 
this  convergence  was  due  to  the  fact  that  the  diet  for  Group  II, 
may  have  lacked  .some  essential  constituent  which  retarded  a  more 
rapid  growth  should  be  borne  in  mind.  It  is  evident  that  the 
water-soluble  B  was  essential  up  to  a  certain  stage  in  the  growth. 
Beyond  this  it  may  be  that  the  tadpole  was  able  to  store  enough 
of  this  form  of  vitamin  in  the  tail  to  supply  its  needs,  just  as 
certain  bacteria  appear  to  need  vitamins  at  the  start  but  later 
they  .synthesize  the  vitamins  themselves  (6). 

Ration  11;,  was  deficient  in  fat-soluble  A  vitamins,  but  in  other 
respects  it  corresponded  to  Ration  11,,  lard  being  substituted  for 
butter  fat.  From  Fig.  3  it  is  evident  that  the  tadpoles  fed  Ration 
III  grew  better  than  those  that  lacked  the  fat-soluble  A.  After 
the  eleventh  period,  however,  the  differences  were  too  slight  to  be 
significant.  In  other  words,  the  tadpoles  seemed  to  need  the  fat- 
soluble  accessory  more  in  the  early  stages  of  growth,  while  later 
on  there  was  an  adaption,  or  a  reserve  supply,  furnished  through 
the  medium  of  the  tail. 

When  both  vitamins  were  withdrawn  from  the  diet,  the  tad- 
])oles  did  not  grow  so  vigorously.  Contrary  to  what  we  have 
found  with  rats,  however,  they  did  show  a  gradual  rate  of  growth. 
This  may  have  been  due  in  part  to  their  ability  to  draw  on  the 
reser\-e  stored  in  the  tail,  for  in  each  instance  the  tail  length  was 
much  shorter  than  with  the  tadpoles  fed  Ration  Hi.  In  all  cases, 
though,  the  body  length  and  body  width  were  also  less,  so  that 
there  was  a  general  reduction  in  body  size.  Figs.  4  and  5  illus- 
trate this.  In  the  former  case,  the  diet  was  based  on  a  10  per 
cent  protein  jjlane  and  in  the  latter  case  on  a  30  j>er  cent  ])r()tein 
plane.  The  differences  were  more  marked  on  the  higher  protein 
diet  (Fig.  5j. 

(C)  Effect  of  the  Amount  of  Protein. — Osborne  and  Mendel 
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(7)  and  Emmett  and  Luros  (8)  have  been  able  to  obtain  normal 
growth  with  rats  with  10  per  cent  of  lactallniniin  protein.  Osborne 
and  Mendel  found  that  it  required  oO  per  cent  more  casein  and 
90  per  cent  more  edestin  than  lactalbumin  to  bring  about  nor- 
mal growth  in  rats.  Wheeler  {[))  in  working  with  mice  deter- 
mined that  the  best  results  for  growth  were  obtained  when  the 
casein  w^as  as  high  as  30  per  cent.  It  might  therefore  be  that 
while  lactalbumin  is  one  of  the  very  best  proteins  for  promoting 
growth,  the  quantity  needed  for  tadpoles  should  be  higher  than 
for  rats. 

Fig.  G  show's  that  when  the  protein  plane  was  30  per  cent  (Hi') 
the  tadpoles  grew  more  rapidly  than  when  it  was  10  per  cent 
(III).  In  the  former  case  the  body  width,  length,  and  total  length 
were  greater  than  for  Group  11^.  It  should  be  stated  that  Group 
IIi«  was  obtained  by  subdividing  Group  Hi  in  Period  9. 

(D)  Effect  of  the  Kind  of  Carbohydrate. — In  the  large  major- 
ity of  the  low  fat  diets,  starch  which  had  been  purified  by  washing 
with  hot  9o  per  cent  alcohol  was  used  as  the  sole  source  of  carbo- 
hydrate. McCollum  used  dextrin  in  many  of  his  rations,  and 
since  the  low  fat  diets  were  based  essentially  upon  his  formula, 
we  incorporated  dextrin  in  Ration  Illg  to  determine  whether  it 
was  an  essential  factor  and  would  accelerate  growth.  The  com- 
parative value  of  the  two  rations,  11^  and  Illg — the  former  starch 
and  the  latter  dextrin — is  shown  in  Fig.  7.  There  was  practically 
no  difference  in  the  size  of  the  two  groups  of  tadpoles. 

(£)  Value  of  Beef  and  Oat  Diet. — It  is  known  that  tadpoles 
will  thrive  on  a  diet  of  beef  and  oats.  We  therefore  made  up  a 
control  diet  which  was  the  same  as  Diet  11^  with  the  exception 
that  we  used  15.8  per  cent  of  desiccated  ether-extracted  beef  tissue 
protein  and  1.9  per  cent  of  ether-extracted  rolled  oats  protein. 
Fig.  8  shows  that  we  obtained  our  optimum  growth  with  this 
ration.  That  this  result  was  not  due  to  the  large  amount  of  pro- 
tein is  evident,  for  when  Fig.  6,  which  shows  tadpoles  that  were 
fed  30  per  cent  protein,  is  compared  with  Fig.  8,  the  beef-oats  diet 
was  the  best  although  it  contained  17.7  per  cent  protein. 

To  what  this  difference  was  due  we  are  not  as  yet  able  to  state. 
However,  in  comparing  the  two  rations  IIi  and  IV^o,  it  is  evident 
that  the  beef  tissue  and  rolled  oats  were  the  contributing  factors ; 
and  that  the  presence  of  the  butter  fat.  yeast  extract,  starch,  and 


salt  mixture  in  the  diet  did  not  inhibit  growth.  McCoUum,  Sim- 
nionds.  and  Parsons  (10)  claim  that  lactalbumin  is  an  incom- 
plete protein  for  growth.  Enimett  and  Liiros  (8)  found  imder 
certain  conditions  that  they  were  not  able  to  obtain  good  growth 
with  lactalbumin.  but  that  the  apparent  trouble  lay  in  the  fact 
that  this  protein  was  either  susceptible  to  toxic  substances  or 
else  it  needed  the  presence  of  a  water-soluble  vitamin  other  than 
the  water-soluble  B.  When  lactose  or  the  protein-free  milk  of 
Osborne  and  Mendel  was  present,  normal  growth  was  obtained. 
It  would  appear  that  perhaps  a  similar  condition  of  aflfairs  took 
place  with  the  tadpoles.     This  question  is  now  being  investigated. 

II.  Effect  of  Diet  on  Development  of  Hind  Legs  of  Tadpoles. 

Growth  and  development  may  bear  only  a  limited  relation  to 
each  other  in  tadpoles  maintained  in  an  artificial  environment. 
To  state  that  a  specimen  of  certain  measurements  is  in  a  cor- 
responding stage  of  metamorphosis  may,  upon  closer  inspection, 
prove  untrue.  Individual  variation  in  both  respects  has  been 
found  by  us  to  be  marked.  Consequently  the  colonies  should  be 
fairly  large  and  observation  should  be  made  on  as  many  members 
as  possible  in  order  that  the  true  average  may  be  most  nearly 
approached.  Bearing  this  in  mind,  all  the  tadpoles  in  each  of 
the  groups  were  examined  as  to  the  stage  of  development.  This, 
as  was  previously  stated,  was  not  carried  out  in  the  observations 
made  for  growth  or  size. 

{A)  Influence  of  the  Amount  of  Fat  in  the  Diet. — In  Table  II 
are  presented  the  data  giving  the  percentage  distribution  of  the 
tadpoles  in  each  group  with  respect  to  the  stage  of  development 
of  the  hind  legs.  These  data,  for  two  of  the  experimental  periods 
(Nos.  12  and  14),  near  the  close  of  the  series  of  tests,  are  arranged 
chiefly  with  reference  to  the  amount  of  fat  in  the  diet,  and  also 
the  kind  of  vitamin  that  is  present.  The  detailed  percentage 
composition  of  the  diets  is  given  in  Table  I.  It  is  to  be  noted 
that  the  group  number  and  diet  number  correspond.  Thus,  in 
Table  II,  Group  Ii  was  fed  Diet  I^. 

If  Group  Ij  (28  per  cent  fat)  is  compared  with  Group  11^  (5 
per  cent  fat)  it  is  seen,  when  both  the  water-soluble  B  and  fat- 
soluble   A   accessory   substances  were  present,  that  the  tadpoles 
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TABLE  II. 

Influence  of  Amount  of  Fat  upon  Development  of  Hind  Legs  of  Rana  pipiens 

Larva. 


Percentage 

Distributiofi  within  Groups. 

Diet. 

"3 
c 

H 

a 

Stages  of  development  of  hind  legs.* 

c 

3 
O 

O 

Class  of 
vitaminps. 

Fat. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

per 

cent 

Ii 

Water-      and 

28t 

12 

11.1 

62.9 

22.9 

0.3 

— 

— 

— 

— 

— 

— 

— 

fat-soluble. 

28t 

14 

— 

45.4 

36.3 

18.2 

— 

— 

— 

— 

— 

— 

— 

111 

((      «      (( 

5t 

12 

4.2 

29.8 

34.0 

8.5 

6.4 

12.8 

— 

2.1 

— 

2.1 

— 

111 

H             it             ii 

5t 

14 

— 

14.6 

34.1 
40.0 

29.5 
8.1 

7.3 

2.4 

— 

4.9 

2.4 

4.9 

— 

Water-      and 

23§ 

12 

8.1 

43.9 



fat-soluble. 

23§ 

14 

6.6 

50.4 

32.4 

10.4 

— 

— 

— 

— 

— 

— 

— 

II7 

i<         a         a 

5§ 

12 

9.1 

35.6 

37.4 

14.1 

1.1 

1.1 

1.1 

— 

— 

— 

0.5 

II7 

ii         a         ii 

5§ 

14 

8.6 

16.8 

47.0 
20.2 

21.6 
5.1 

3.6 



1.2 

1.2 

— 

— 

— 

Fat-soluble. 

28 1 

12 

31.3 

43.4 

ii 

28 1 

14 

28.3 

35.8 

25.0 

10.9 

— 

— 

II2 

a 

51 

12 

9.4 

40.5 

36.5 

12.2 

1.4 

— 

II2 

ii 

5t 

14 

— 

20.3 

53.0 
26.5 

17.2 
5.3 

7.8 
0.8 

1.6 

— 



— 

— 

Water-sol- 

28§ 

12 

11.4 

56.1 

— 

uble. 

28§ 

14 

13.7 

34.4 

41.0 

10.7 

— 

— 

— 

— 

— 

— 

— 

IIj 

K 

None. 

12 

1.5 

12.1 

34.8 

24.2 

15.1 

9.1 

— 

1.5 

— 

— 

1.5 

II3 

(( 

" 

14 

3.3 

13.1 

18.0 

41.0 

8.2 

8.2 

3.3 

8.2 

3.3 

1.6 

— 

— 

Water-sol- 

27§ 

12 

— 

65.3 

26.5 

uble. 

27  § 

14 

— 

68.9 

17.3 

13.8 

— 

II» 

it 

5§ 

12 

23.9 

51.4 

17.4 

6.5 

0.7 

II9 

" 

5§ 

14 

17.6 

30.4 
46.5 

39.2 
33.6 

10.8 
8.6 

1.9 

— 

— 

— 

None. 

28§ 

12 

11.2 

II4 

« 

28§ 
5§ 

14 
12 

10.2 
17.0 

35.1 
50. 2 

32.4 
19.5 

21.3 
7.3 

0.9 

II4 

a 

5§ 

14 

10.6 

39.0 

28.0 

16.6 

— 

*  See  Text-fig.  1,  p.  177. 
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fed  the  low  fat  diet  developed  much  better.  In  Groups  I7  and 
II7,  the  fat-soluble  A  was  supplied  by  an  alcoholic  extract  of  lin- 
seed meal,  whereas  it  was  furnished  in  the  two  preceding  groups 
by  butter  fat.  The  difference  between  these  two  groups  was 
clearly  in  favor  of  the  low  fat  diet.  With  Groups  IIi  and  II7, 
we  have  a  comparison  of  two  kinds  of  fat,  butter  fat  and  lard, 
and  it  appears  that  5  per  cent  of  either  was  permissible  for  fair 
development.  Whether  a  smaller  amount  would  have  been  much 
better  is  being  tried  out. 

When  the  diet  lacked  the  water-soluble  B  vitamin  and  con- 
tained the  fat-soluble  A  in  the  form  of  butter  fat,  as  shown  in 
Groups  L  and  IL,  the  low  fat  diet  produced  the  best  results.  The 
differences  were  not  so  marked,  however,  as  in  the  cases  of  Diets 
Ij,  I-,  III,  and  II7. 

Groups  I3  and  II3  were  fed  diets  which  were  deficient  in  fat- 
soluble  A.  In  the  case  of  the  latter  group  no  fat  was  used.  It 
will  be  seen  that  this  group  was  far  in  advance  of  the  high  fat- 
fed  colony.  In  fact,  there  is  such  a  marked  contrast  that  the 
question  immediately  arises  as  to  what  extent  Group  11^  would 
have  developed  if  we  had  used  some  other  source  of  fat-soluble 
A  than  a  fat,  as  butter  fat,  and  what  results  would  have  been 
obtained  if  the  lard  had  been  omitted  from  Diet  II7.  In  Groups 
I9  and  II9,  this  point  is  partially  answered  since  the  diet  for  II9 
differed  only  from  that  of  II3  in  having  5  per  cent  lard  added  to 
it  and  in  having  a  corresponding  decrease  in  starch.  It  would 
appear  in  comparing  Groups  IL,  and  11,  that  the  fat  had  a  marked 
inhibiting  effect.  With  respect  to  Groups  I9  and  II,,,  which  con- 
tained 27  and  0  per  cent  of  lard  respectively,  there  was  only  a 
slight  difference  in  favor  of  the  lower  fat  diet. 

When  both  vitamins  were  absent,  as  in  the  Groups  I^  and  11^, 
the  high  fat  diet  appeared  to  produce  somewhat  better  results 
than  the  low  fat  diet. 

It  is  evident  from  these  data  that  the  amount  of  fat  in  the  diet 
had  an  ap{)reciable  influence  upon  the  development  of  the  tad- 
pole, /'.  e.,  the  higher  the  fat  content,  the  lower  the  stage  of 
development. 

(B)  Influence  of  Vitamins. — In  Table  III,  the  data  for  the 
percentage  distribution  of  the  tadpoles  within  the  groups  are 
arranged  with  respect  to  the  presence  or  absence  of  vitamins  in 
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TABLE  III. 


Influence  of  Vilamines  iipoti  Development  of  Hind  Legs  in  Rana  pipiens  Larva. 
Percentage  Distribution  ivithin  Groups. 


Diet. 

c 

a 

Stage 

^  of  development  of  hind  Ic 

gs.* 

c 
a 
o 

O 

Class  of 
vitamines. 

Fat. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

per 
cent 

II 

Water-    and 
fat-soluble. 

28t 

12 

11.1 

62.9 

22.9 

6.3 

— 

>(      11      << 

28t 

14 

— 

45.4 

36.4 

18.2 

— 

<<      «      << 

23 1 

12 

8.1 

43.9 

40.0 

8.1 

— 

K             «             « 

23t 

14 

6.7 

50.5 

32.4 

10.4 

— 

Fat-soluble. 

28 1 

12 

31.3 

43.4 

20.2 

5.1 

— 

« 

28t 

14 

28.2 

35.9 

25.0 

10.9 

— 

Water-sol- 
uble. 

281 

12 

11.4 

56.1 

26.5 

5.3 

0.8 

(< 

28t 

14 

13.7 

34.3 

41.2 

10.8 

— 

it 

28t 

12 

— 

65.3 

26.5 

8.2 

— 

« 

28 1 

14 

— 

68.9 

17.3 

13.8 

— 

None. 

281 

12 

11.2 

46.5 

33.6 

8.6 

— 

« 

28t 

14 

10.2 
4.2 

35.2 
29.8 

32.4 
34.0 

21.3 
8.5 

0.9 
6.4 

12.8 



2.1 



2.1 

III 

Water-    and 

5§ 

12 

— 

fat-soluble. 

"      "      " 

5§ 

14 



14.6 

34.1 

29.5 

7.3 

2.4 

— 

4.9 

2.4 

4.9 

— 

U             «             (< 

5t 

12 

9.1 

35.6 

37.4 

14.1 

1.1 

1.1 

1.1 

— - 

— 

— 

0.5 

"     "     " 

5t 

14 

8.6 

16.8 

47.0 

21.6 

3.6 

— 

1.2 

1.2 

— 

— 

— 

Fat-soluble. 

5§ 

12 

9.4 

40.5 

36.5 

12.2 

1.4 

— 

— 

— 

— 

— 

— 

« 

5§ 

14 

— 

20.3 

53.1 

17.2 

7.8 

1.6 

— 

— 

— 

— 

— 

"Water-sol- 
uble. 

None. 

12 

1.5 

12.1 

34.8 

24,2 

15.1 

9.1 

• — 

1.5 

■ — 

• — 

1.5 

" 

i< 

14 

3.3 

13.1 

18.0 

41.0 

8.2 

3.3 

8.2 

3.3 

1.6 

— 

— 

u 

5t 

12 

23.9 

51.4 

17.4 

6.5 

0.7 

— 

— 

— 

— 

— 

— 

" 

5i 

14 

17.6 

30.4 

39.2 

10.8 

1.9 

— 

— 

— 

— 

— 

— 

None. 

51 

12 

17.0 

50. 2 

19.5 

7.3 

— 

— 

— 

— 

— 

— 

— 

« 

5{ 

14 

16.0 

39.0 

27.S 

10.6 

— 

• — 

— 

• — 

— 

• — 

— 

•See  Te.\t-fig.  1,  p.  177. 
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the  diet.  The  upper  half  of  the  table  gives  the  results  for  the 
high  fat  diets.  It  would  appear  that  the  excess  of  fat  was  such 
a  large  factor  that  there  was  practically  no  difference  between 
the  groups. 

In  regard  to  the  low  fat  diet  Group  Hi  was  somewhat  further 
advanced  than  Group  II7.  This  may  have  been  due  to  the  lard 
or  to  the  fact  that  the  fat-soluble  A  accessory  was  supplied  either 
qualitatively  or  quantitatively  to  a  less  degree  than  in  11^.  When 
Groups  III,  II2.  and  II9  are  compared,  the  withdrawal  of  either 
the  water-.soluble  B  (IL)  or  of  the  fat-soluble  A  (Up)  resulted 
in  a  distinct  inhibition  or  retardation  in  the  development  of  the 
tadpoles.  In  the  case  of  Group  II3,  two  factors  seemed  to  have 
played  a  part,  the  lack  of  both  fat-soluble  A  and  of  any  fat.  As 
a  result,  this  group  developed  at  practically  the  same  rate  as 
Groups  III  an<J  H--  This  would  tend  to  suggest  that  the  water- 
soluble  B  vitamin  was  more  essential  than  the  fat-soluble  A,  or 
that  the  tadjX)les  had  a  reserve  supply  of  this  latter  accessory 
stored  in  the  tail,  upon  which  they  could  draw.  When  both  vita- 
mins were  removed  from  the  diet,  however,  it  appears  from 
Group  II4  that  there  was  little  or  no  reserve  vitamin  supply 
available,  for  these  tadpoles  developed  more  slowly  than  any  of 
the  other  groups. 

The  data  indicate  that  both  vitamins  are  essential  to  the  devel- 
opment of  the  tadpole;  that  when  fat  was  present  to  the  extent  of 
5  per  cent  and  the  fat-soluble  A  was  absent,  there  was  a  marked 
suppression,  but  if  there  was  no  fat  present,  the  rate  of  develop- 
ment appeared  to  be  normal  when  compared  with  the  groups  fed 
the  control  diets  (11^  and  II7).  When  the  water-soluble  B  vita- 
min was  absent  the  cessation  of  the  development  of  the  tadpoles 
was  very  noticeable. 

(C)  Influence  of  the  Amount  and  Kind  of  Protein. — The  data 
in  Table  IV  are  so  arranged  that  the  values  can  be  compared  with 
respect  to  the  amount  of  protein.  There  is  sufficient  informa- 
tion given  to  indicate  the  vitamins  and  also  the  amount  and  kind 
of  fat  that  were  present.  Groups  II^,  IV^,  III-,  and  II7  were  fed 
lactalbumin  in  amounts  of  10,  15,  30,  and  10  per  cent  respectively 
with  both  vitamins  and  5  per  cent  of  fat.  The  results  indicate 
that  the  amount  of  protein  had  no  influence  on  the  rate  of  develop- 
ment.    When  the  water-soluble  B  accessorv  was  absent  and  the 
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percentage  of  lactalhuinin  varied  from  10  to  30  per  cent  (Gronps 
IIo.  IVp,  and  11.,").  the  30  per  cent  protein  diet  (IL")  was  some- 
what the  hest.  C^n  the  other  iiand,  with  no  fat-soluble  A  and  no 
fat  in  the  diets  (Groups  1I,.„  IV,,  and  VIi),  the  results  were  slight- 
ly in  favor  of  the  10  per  cent  protein  diet  (II3).  The  non-vitamin 
groups  (IT^.  l\\,  and  VL)  show  that  the  10  per  cent  protein 
plane  (II4)  was  too  low,  while  there  was  no  difference  between 
the  15  and  30  per  cent  diets. 

To  sum  up.  it  would  seem  that  in  the  main  the  amount  of 
protein,  whether  10.  1."),  or  30  per  cent  of  lactalbumin,  had  com- 
paratively little  to  do  with  the  rate  of  development  of  the  hind 
legs.  There  were  some  variations  within  the  classes  of  vitamins 
that  showed  differences,  but  taken  as  a  whole,  one  is  hardly  justi- 
fied in  placing  too  much  emphasis  upon  these  differences  when 
the  data  for  the  corresponding  periods  are  compared.  This  find- 
ing compares  with  rats  where  10  per  cent  lactalbumin  produces 
normal  growth  when  properly  supplemented. 

If  Group  IV 10,  fed  the  beef -oat  protein  diet,  is  compared  with 
Group  III,  the  percentage  distribution  is  found  to  be  in  favor  of 
IVj,,  when  Period  IJ:  is  considered,  but  here  again  we  are  of  the 
opinion  that  on  the  average  it  would  be  fairer  to  assume  perhaps 
that  there  was  not  much  difference,  although  when  Fig.  8  is  borne 
in  mind  we  are  almost  forced  to  conclude  that  Ration  IV^o  was 
superior  to  Ration  IIi.  Here  again  it  would  seem  that  the 
amount  of  protein  had  little  to  do  with  the  differences  when  we 
compare  the  data  with  that  for  Diet  III-.  Furthermore,  it  does 
not  seem  to  be  a  matter  of  vitamins  or  fat,  for  these  are  present 
in  each  diet.  The  beef  or  oats  seemed  to  have  carried  other 
accessories  or  else  the  quality  of  jjrotein  was  better  adapted  to  the 
tadpole. 

That  lactalbumin  was  at  least  a  fairly  good  protein  for  growth 
and  develojjment  is  shown  from  the  results  obtained  by  com- 
paring it  with  a  poor  protein  like  corn  gluten,  which  does  not 
produce  growth  in  rats  (1,  2).  Group  III.,  was  fed  the  same  diet 
as  III  except  that  corn  gluten  was  substituted  for  lactalbumin. 
There  was  a  distinct  difference  between  the  two  in  favor  of  the 
lactalbumin.  When  corn  gluten  was  supplemented  with  an  equal 
amount  of  lactalbumin  protein   (Ration  V,),  it  is  seen  that  the 
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lactalbumin  was  able  to  .stimulate  development  to  some  extent, 
but  not  as  much  as  when  it  was  used  as  the  sole  protein. 

Osborne  and  Mendel  (1)  found  that  cystine  was  able  to  supple- 
ment a  low  (9  per  cent)  casein  diet  and  produce  the  same  rate 
of  growth  as  a  15  per  cent  casein  ration,  without  cystine.  In 
adding  cystine  to  a  10  per  cent  corn  gluten  diet  (Group  III4), 
we  obtained  slightly  better  results  than  when  no  cystine  was 
present. 

From  the  discussion  on  the  amount  and  quality  of  protein  in 
the  diet,  it  would  appear  that  the  amount  of  protein,  from  10  to 
30  per  cent,  had  little  or  no  influence  upon  the  development  of 
the  tadpole,  but  that  the  quality  of  protein  was  an  important  factor. 

(D)  Influence  of  Kind  of  Carbohydrate. — In  Table  IV,  it  is 
possible  to  make  a  comparison  of  the  value  of  dextrin  and  starch. 
Groups  Illg  and  11^  respectively.  It  is  seen  that  there  was  no 
difference  between  the  two. 

CONCLUSIONS. 

From  the  data  herein  reported  upon  the  size  and  development 
of  the  frog  larvae  (Rana  pipiens),  the  following  tentative  con- 
clusions are  made,  subject  to  revision  in  the  light  of  studies 
which  are  being  started  for  this  season,  and  which  will  be  carried 
out  with  a  special  effort  to  control  more  carefully  the  matter  of 
temperature  of  water  and  the  possibilities  of  dominance  of  one 
individual  over  the  other. 

1.  A  large  amount  of  fat  in  the  diet  was  very  injurious  to  both 
growth  (body  size)  and  development  of  hind  legs.  Apparently 
the  lower  the  percentage  of  fat  the  better  the  tadpoles  thrived. 

2.  Vitamins — the  water-soluble  B  and  fat-soluble  A  types — 
appeared  to  be  necessary  for  normal  growth  and  development. 
The  lack  of  the  water-soluble  B  type  was  possibly  more  apparent 
than  that  of  the  fat-soluble  A.  When  no  vitamins  were  present, 
growth  and  development  were  distinctly  retarded. 

3.  The  amount  of  protein  incorporated  seemed  to  play  a  minor 
part  in  the  development  of  hind  legs  when  the  per  cent  of  lactal- 
bumin ranged  from  ]0  to  30 — whether  both  ''vitamins."  one. 
or  none  were  present.  On  the  other  hand,  the  high  protein  fed 
tadpoles  were  largest  (size)  when  both  vitamins  were  in  the  diet. 

4.  The  quality  of  protein  was  a  factor  which  showed  clearly 


that  it  should  be  borne  in  mind.  Thus,  lactalbutnin,  and  beef 
and  oats  protein  when  incorporated  in  an  otherwise  complete 
ration  brought  about  a  good  rate  of  development,  while  corn 
gluten  protein  gave  poor  results. 

5.  When  dextrin  was  substituted  for  starch  it  had  no  etifect 
either  on  growth  or  development. 

6.  The  results  taken  as  a  whole  show  definitely  that  it  is  possi- 
ble to  adjust  the  diet  so  as  to  alter  the  size  of  the  tadpole  and  the 
rate  of  metamorphosis,  in  respect  to  variations  in  such  nutrients 
as  fat.  kind  of  protein,  and  vitamins.  It  should  be  borne  in 
mind  that  other  factors  play  an  important  part,  such  as  tempera- 
ture and  food  control.  Too  low  temperatures  tend  to  make  the 
tadpoles  sluggish,  and  too  high  temperatures  produce  abnormal 
changes  which  may  result  in  death.  The  tendency  to  consume 
their  dead  makes  it  dif^cult  at  times  to  adjust  the  diet  absolutely. 
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KXPLANATION  OF  PLATES. 

Platk  2. 

Fig.  1.  Photographic  reproductions  of  tadpoles,  showing  the  relative 
size  as  influenced  by  a  high  (I,)  and  a  low  (IIi)  fat  diet. 

Fig.  2.  The  diets  given  were  both  on  the  low  fat  plane.  Diet  IIi  con- 
tained the  water-soluble  B  and  the  fat-soluble  A  vitamins,  while  Diet  IL 
was  lacking  in  the  water-soluble  type. 

Plate  3. 

Fig.  3.  Both  diets  contained  the  low  percentage  of  fat.  Diet  IIi  was 
considered  to  be  complete  for  normal  growth  and  Diet  IIj  was  deficient  in 
the  fat-soluble  A  vitamin. 

Fig.  4.  Diet  IIj  was  compared  with  Diet  II<.  The  latter  was  lacking 
in  both  the  water-soluble  B  and  the  fat-soluble  A  vitamins.  These  diets 
contained  10  per  cent  protein. 

Plate  4. 

Fig.  5.  The  diets  fed  in  this  case  were:  complete  (IIi->),  and  deficient 
in  the  vitamins  (VT).  They  contained  30  per  cent  protein  instead  of  10 
per  cent  as  shown  in  Plate  3,  Fig.  4. 

Fig.  6.  Both  diets  were  complete.  Diet  IIj  had  10  per  cent  protein  and 
Diet  IIiB,  30  per  cent  protein. 

Plate  5. 

Fig.  7.  The  two  diets  differed  in  the  kind  of  carbohydrate  used.  Diet 
III  contained  starch  and  Diet  Ilia  an  equivalent  quantity  of  dextrin. 

Fig.  8.  Diet  IV,o  differed  from  Diet  IIj  in  having  the  protein  derived 
from  desiccated  beef  tissue  and  rolled  oats  which  had  been  extracted  with 
ether.  The  former  diet  contained  17.7  per  cent  protein  and  the  latter  10 
per  cent  protein.  These  photographs  should  also  be  compared  with  those 
in  Plate  4,  Fig.  6,  where  Diet  II, »  contained  30  per  cent  protein. 
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A  CASE  OF  MONGOLISM  IN  ONE  OF  TWINS. 


H.XROLD  Sw.xxRERc.  M.D.,  AND  H.  A.  Havnes.  M.D. 

LAI'KER,   MICH. 

The  case  we  wi.sh  to  report  i.s  the  occurrence  of  Mongolian  im- 
becility in  one  of  twins,  the  normal  child  being  distinctly  above  the 
average  in  intelligence.  Since  twins  are  subject  to  identical  con- 
ditions from  conception  to  birth,  and  usually  enjoy  practically  the 
same  environment  until  adolescence,  the  rare  occurrence  of  Mon- 
golism in  one  of  them  permits  certain  inferences  relative  to  the 
etiology  of  this  form  of  feel)lemindedness.  A  brief  resume  of  the 
more  pertinent  facts  concerning  Alongolian  feeblemindedness  is 
appended,  together  with  a  review  of  the  literature  of  ^Mongolism 
in  twins. 

RESUME  OF   MONGOLISM. 

One  of  the  most  clearly  defined  and  best  known  types  of 
feeblemindedness  is  that  first  designated  as  the  Mongolian,  Kalmuc 
or  Tartar  variety  by  J.  D,  Langdon  Down^  in  ISGT),  so  called 
from  their  facial  resemblance  to  members  of  the  Mongolian  race. 
Tredgold-  states  that  with  the  possible  exception  of  the  tongue, 
there  are  no  physical  signs  that  are  pathognomonic  of  the  con- 
dition, for  all  of  the  other  anomalies  present  are  seen  in  other 
types  of  feeblemindedness.  However,  it  is  the  particular  com- 
bination of  anomalies  which  makes  the  ^longolian  type  so  dis- 
tinctive; those  most  important  and  frequently  present  being  the 
small  brachycephalic  skull;  small  stature;  obliquely  set  eyelids 
(hence  the  name  Mongolian)  ;  large  transversely  fissured  tongue; 


*From  the   Research   Department,   Michigan   Home  and   Training   School    (Michigan 
State  Institution  for  Feebleminded),  Lapeer,  Mich. 

'Down,  J.   L,:   Clinical   Lectures  and  Reports,   London   Hospital,    ISfiH,   p.    2.')9. 
-Tredgold,  A,  F.:   Mental  Deficiency,   Ed,  2,  1914,   p.   211. 
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short,  broad  han(l>  and  feet ;  siuhhy  tini,a'rs  and  toes ;  peculiar 
shorteninjj  and  ineurvinij^  of  little  tinsjjer  (Telford-Smith  finger)  ; 
large  cleft  between  the  great  toe  and  the  second  toe  ;  hypermobility 
of  the  joints;  defective  speech;  dry,  rough  skin,  especially  coarse 
on  the  extremities;  and  jioor  circulation.  They  are  ha])])y,  smiling, 
good-natured,  amial)le,  active,  imitative,  easily  managed,  and  nearly 
always  imbeciles,  therefore  ])ossessing  a  mental  age  which  cor- 
responds to  normal  children  of  between  •"{  and  1  years.  Various 
authorities  state  that  this  group  comprises  from  0.1)  to  10  per  cent, 
of  all  feebleminded :  however,  the  minimum  figure  is  too  low. 
Statistics  of  feebleminded  institutions  show  that  from  2  to  5  per 
cent,  of  all  admissions  are  of  the  ^Mongolian  type,  and  since  these 
cases  can  easily  be  managed  at  home,  they  are  probably  more  num- 
erous than  these  figures  indicate.  Goddard^  estimates  there  are 
between  200,000  and  ;500,000  feebleminded  in  the  United  States. 
If  we  accept  these  figures  there  are  probably  between  5.000  and 
15,000  cases  of  Mongolian  feeblemindedness  in  this  coimtry. 

The  etiology  of  at  least  two-thirds  of  the  cases  of  feebleminded- 
ness is  hereditary,  due  to  defective  germ  plasm,  that  is,  one  or  both 
parents  are  feebleminded,  or  there  is  a  definite  history  of  feeble- 
mindedness in  the  ancestry.  Neuropathic  heredity,  injuries  affect- 
ing the  brain  before  or  at  the  time  of  birth,  traumatism  to  the 
brain  in  early  childhood,  and  various  pathologic  conditions  of  the 
brain,  as  meningitis,  cerebral  hemorrhage,  etc.,  during  the  early 
years  of  life,  are  the  etiologic  factors  in  the  cases  not  covered  by 
defective  germ  plasm.  Mongolian  feeblemindedness  is  an  excep- 
tion, however,  in  that  the  etiology  is  unknown.  As  a  rule,  Mon- 
gols occur  in  the  better  families,  there  being  but  the  one  defective. 
which  is  usually  the  first  or  last  child  born.  'I'he  0|)inion  of  vir- 
tually all  who  have  studied  the  condition  is  that  it  is  due  to  some- 
thing which  interferes  with  prenatal  development,  and  that  the 
adequate  cause  is  to  be  sought  in  the  condition  of  the  mother  during 
pregnancy.  Either  uterine  exhaustion,  whereby  the  mother  is 
not  able  to  bring  the  child  to  full  development  (as  seen  when 
the  child  is  the  first  born,  the  mother  being  very  young,  or  where 
the  child  is  the  last  born  in  a  large  family,  or  when  the  mother 
is  nearing  the  menopause  at  the  time  of  birth  of  the  child )  or  some 
severe  physical  or  mental  shock  to  the  mother  which  may  have 

'Goddard,  H.  H.:  Reference  Handbook  of  the  Medical  Sciences,  Ed.  3.  6:384,  1916 
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temporarily  interfered  with  the  j)r()creative  function,  seem  the 
most  tenable  theories.  \'ital  exhaustion  of  either  or  both  parents 
is  regarded  by  some  as  the  etiologic  factor. 

LITEHATUR1-:   OF    MGNGOI-ISM    IX    TWINS. 

A  careful  review  of  the  American  and  English  and  a  partial 
review  of  the  remaining  literature  pertaining  to  ^longolism  in 
twins  has  been  made.     The  following  cases  have  been  reported : 

Hjorth*  reports  the  occurrence  of  Mongolian  feeblemindedness 
in  twins,  each  presenting  the  specific  characteristics.  The  father 
was  a  day  laborer  and  was  -11  years  of  age  at  the  birth  of  the 
children,  the  mother  42.  These  children  were  the  eighth  and 
ninth  in  a  family  of  ten.  This  is  the  only  case  reported  that  we 
have  been  able  to  find  of  the  occurrence  of  definite  Mongolism 
in  both  twins. 

McKee,''  in  reporting  fourteen  cases  of  Mongolism  of  which 
one  was  in  twins,  states  only  that  "one  baby  was  the  smaller  of 
twins."  Nothing  is  mentioned  concerning  the  other  child,  bu*" 
it  is  evident  that  it  was  not  a  Mongol. 

Shuttleworth"  states,  "'Among  my  illustrations  1  have  the  pleas- 
ure of  showing  you  two  remarkably  fine  photographs  of  twin 
children  (boy  and  girl)  from  Melbourne,  one  (boy)  normal,  the 
other  (girl)  a  ^Mongolian  imbecile,  for  which  I  am  indebted  to 
Dr.  A.  Jeffreys  Wood  of  that  city.  .  .  .  The  case  of  twin 
pregnancy  with  offspring  of  different  sex.  the  boy  normal,  the 
girl  a  Mongolian  imbecile,  is  unique  in  mv  experience." 

authors'  case. 

Family  History. — The  parents  of  our  patient  are  both  collegiate  graduates 
and  highly  respectable  people.  The  father,  now  50  years  of  age,  married  at 
26,  but  on  account  of  very  poor  health  at  that  time,  had  to  give  up  a  con- 
fining position  to  get  out  of  doors.  His  condition  was  diagnosed  as  pleurisy, 
tubercular  origin  suspected,  and  a  grave  prognosis  given.  He  took  up  farm- 
ing in  order  to  build  up  his  health  and  continued  at  this  for  many  years. 
At  present  he  enjoys  fair  health  and  his  wife  describes  him  as  being  "tall, 
slim,  ver\'  nervous  and  lacking  vitality."  The  mother,  at  present  53  years  of 
age,  has  always  enjoyed  good  health.  She  married  at  29.  As  a  result  of 
this  marriage  there  have  been  five  children  (two  being  twins)  and  two  mis- 
carriages. The  oldest  child,  a  girl  of  23  ^ears,  is  in  fair  health ;  the  next,  a 
girl  of  21,  is  in  excellent  health.     Both  girls  are  brilliant  students  in  one  of 

*Hjorth,  Bodil:  Nyt  Tidsskrift  for  Ahnormvaesenet,   No.  9,  1906. 
^McKee,  J.  H.:  J.  Psycho-Asthenics  13:43,   1908-1909. 
•Shuttleworth,  G.  E.:   Brit.  M.  J.  2:661   (Sept.  11),  1909. 
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our  large  universities.  The  next  eliild  is  a  liuy  of  20,  wlio  has  tul)erculosis. 
At  present  ho  is  farming  as  his  fatlier  did  wlien  similarly  ill.  The  next  preg- 
nancy resulted  in  a  miscarriage.  Following  this  the  twins  were  born,  now 
17  years  of  age.  one  being  normal,  the  other  a  Mongolian  imbecile.  Another 
miscarriage  followed  the  liirtli  of  the  twins. 

We  have  been  fortunate  in  securing  an  excellent  genealogy  of  both  the 
paternal  and  maternal  sides  of  this  family.  In  nearly  200  known  blood  rela- 
tives on  both  sides,  representing  five  generations  for  the  paternal  and  four 
for  the  maternal  side,  no  cases  of  feeblemindedness  have  been  established, 
except  the  one  under  consideration.  There  is  one  case  of  insanity — a  religious 
mania — which  affected  a  sister  of  our  child's  grandmother  on  the  maternal 
side.  There  is  one  case  of  alcoholism  which  occurred  in  the  maternal  grand- 
father. The  only  tuberculosis  is  on  the  paternal  side.  Our  patient's  father 
in  all  probability  had  tuberculosis,  the  brother  has  it,  an  uncle  recovered 
from  it  and  the  great-grandmother  died  of  it.  The  paternal  grandfather  and 
grandmother  died  at  about  80  from  senility.  The  maternal  grandfather,  who 
was  alcoholic,  died  suddenly  at  4.")  from  "heart  trouble,"  and  the  grandmother 
at  78  from  "anemia."  Two  other  instances  of  twinning  are  seen  in  the  family, 
both  on  the  maternal  side.  An  uncle  of  our  case  was  the  father  of  twin 
boys  who  were  born  prematurely,  living  but  a  few  hours.  The  great  grand- 
father had  brothers  wdio  were  twins,  and  lived  to  old  age.  The  brothers  and 
sisters  of  our  patient  have  had  excellent  school  records  and  the  majority  of 
the  relatives  are  above  the  average  in  intelligence,  two  uncles  and  one  aunt 
being  college  professors. 

Mouyoliaii  Tzein. — History. — The  patient  was  a  boy,  aged  17,  whose 
father  was  33  and  mother  36  at  the  time  of  birth  of  twins  who  were  the  last 
born  of  a  family  of  five.  Mother  had  no  unusual  events  during  the  pregnancy 
except  that  she  frequently  fainted.  During  previous  pregnancies  she  was 
also  subject  to  syncope,  but  with  the  twin  gestation  it  was  much  more  fre- 
quent. During  the  latter  part  of  the  pregnancy  she  suffered  from  severe 
pains  in  the  upper  part  of  the  abdomen,  presumably  due  to  pressure  from 
the  fetal  parts.  The  father  was  in  fair  health  at  the  time  of  conception.  The 
labor  was  normal,  no  instruments  used,  and  the  mother  did  not  suffer  more 
at  this  time  than  during  her  previous  deliveries.  The  normal  girl  was  the 
first  born,  weighing  5-)4  pounds.  She  was  a  "blue  baby"  according  to  the 
mother,  the  "heart  not  closing"  until  the  following  day.  The  Mongolian  boy 
was  born  a  half  hour  after  his  normal  sister.  He  appeared  very  pale,  and 
weighed  65^  pounds.  Even  at  birth  he  had  the  Mongolian  facies,  and  the 
fingers  w-ere  short  and  chubby  in  contrast  to  the  long  and  slender  ones  of 
his  twin  sister.  The  integument  remained  soft  and  did  not  assume  its  normal 
firmness  until  3  years  of  age.  He  was  nursed  by  the  mother  and  was  a  very 
good  baby  who  seldom  cried.  Teething  began  at  about  8  or  9  months,  and 
was  verj-  irregular.  He  did  not  commence  to  walk  until  3  years  old  and  did 
not  talk  until  (>.  He  never  had  any  bad  habits,  and  at  present  is  quiet,  good- 
natured  and  easily  managed.  At  2  years  of  age  he  had  scarlet  fever  with 
otitis  media  as  a  com])Hcation.  which  left  a  chronic  discharging  ear;  at  3, 
measles  and  pertussis;  and  later  adenoids,  which  were  removed.  There  is 
no  history  of  convulsions.  His  schooling  has  consisted  of  two  years  at 
kindergarten,  and  three  years  of  special  class  work  for  backward  children 
in  the  public  schools.  From  his  .5th  to  17th  year  he  was  on  thyroid  treat- 
ment most  of  the  time.  The  parents  believe  it  has  helped  him  and  state  his 
"tongue  becomes  thicker"  and  voice  more  imi)erfect  when  he  is  not  taking 
the  drug. 

Physical  Examination. — His  height  is  o  feet,  and  his  weight  122  pounds. 
Musculature  and  nutrition  are  good.  The  head  is  somewhat  small,  but  of 
normal  shape,  the  greatest  antero-posterior  diameter  being  6->4  inches,  trans- 
verse diameter  '>%  inches,  and  circumference  20^  inches.     The  fontanelles 
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are  closed,  the  sutures  are  not  palpable,  the  hair  of  the  head  is  very  abundant, 
coarse,  straight  and  of  red  color.  The  face  is  freckled,  normal  symmetry, 
oval  shape  and  covered  with  fine  hair.  The  nose  is  short  with  nostrils  tend- 
ing to  look  forward.  The  upper  part  of  the  lobule  of  each  car  is  somewhat 
deformed,  but  hearing  is  good.  The  eyes  are  slightly  obliquely  jjjaced,  the 
pupils  are  equal  in  size  and  react  normally.  The  lids  appear  normal,  no 
nystagmus  or  stiuint,  and  vision  is  about  20/40  for  each  eye.  The  teeth  are 
in  fairly  good  condition,  gums  normal,  palatal  arch  high  and  narrow,  tonsils 
small,  no  adenoids,  and  lips  normal.  The  tongue  is  very  large,  and  trans- 
versely fissured,  papilla-  enlarged.     The  mouth  is  usually  partially  opened  and 


Authors'  case.     Mongolian  imbecile,  aged  17. 


the  speech  imperfect.  There  are  no  lymph  glands  palpable  in  the  neck,  the 
thyroid  is  not  enlarged  although  the  neck  is  large,  the  circumference  being 
14^  inches.  The  respirations  are  regular,  abdominal  type  and  20  in  fre- 
quency. The  lungs  and  heart  are  normal.  The  abdomen  is  protuberant  with 
tendency  to  an  umbilical  hernia,  and  there  is  a  lordosis  of  the  lumbar  spine. 
The  genitalia  are  normal,  with  a  normal  amount  of  pubic  hair  which  has  a 
semi- feminine  distribution.  The  hands  and  feet  are  of  clumsy  appearance. 
The  fingers  are  short  and  stubby,  but  the  thumbs  and  little  fingers  are  not 
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short,  nor  are  the  latter  abnormally  curved  as  dftrn  described  as  typical  of 
Mongols.  There  is  a  large  cleft  between  the  great  toe  and  its  adjacent  fel- 
low. There  is  a  great  laxity  of  all  the  ligaments  resulting  in  hyperextensi- 
bility  of  the  joints.  The  skin  is  normal  except  that  covering  the  hands,  which 
is  thick  and  rough  (not  due  to  manual  work).  There  are  no  varicose  veins. 
The  knee  jerk  and  cremasteric  reflexes  are  normal.  The  grip  is  good,  gait 
normal,  no  paralyses  or  tics,  and  coordination  normal.  The  pulse  is  74  and 
ocular  pressure  only  lowers  it  to  (59.  The  systolic  blood  pressure  in  the  sit- 
ting posture  is  li!.").  diastolic  80.  The  temperature  is  normal  and  the  hemo- 
globin, by  the  Tallqvist  test,  SO  per  cent.  A  complete  urinary  analysis  was 
not  made,  but  the  specimen  was  clear,  straw  color,  characteristic  odor, 
specific  gravity  1.0215.  and  no  albumin  ])resent.  The  Wassermann  reaction 
of  the  blood  serum  was  negative. 


Normal    twin   sister   of    Mongolian    imbecile. 


Psychologic  Examination. —  (The  psychologic  examination  was  made  by 
Miss  Z.  P.  Buck,  A.M..  resident  psychologist,  Michigan  Home  and  Training 
School.)  The  patient  could  not  correctly  repeat  a  sentence  c<jntaining  twelve 
syllables,  failed  to  distinguish  orange  from  yellow,  did  not  know  which  was 
his  left  ear.  could  not  describe  pictures,  could  not  repeat  five  digits,  or  repeat 
three  digits  backward,  could  not  count  backward  from  twenty  to  one,  could 
not  give  similarities  between  two  simple  things,  could  not  define  objects  in 
terms  superior  to  use,  did  not  know  day  of  week,  month  or  year,  could  not 
discriminate  between  various  weights,  could  not  make  simple  change  such 
as  4  from  10  or  12  from  15  cents,  could  not  use  three  words  in  a  sentence 
or  give  three  words  that  would   rhyme   with  given   simple  words,  and   his 


vocabulary  was  extremely  poor.  A  more  detailed  psychologic  examination 
was  made  and  the  following  is  the  psychologist's  report : 

"By  the  Terman  Test  our  case  has  a  mental  age  of  (J  years  and  (i  months, 
which  gives  him  a  retardation  of  i)  years  and  (i  months.  The  Seguin  Board 
also  gives  him  a  mental  age  of  between  (i  and  7  years  (Doll's  Standardiza- 
tion). 

"Throughout  all  tests  the  patient  shows  an  ability  to  discriminate  better 
than  that  of  the  average  child  of  his  mental  age  (Seguin.  Card  Dealing  and 
Healey  Picture  Puzzles).  His  fatigue  curve  is  irregular  but  remarkably  well 
sustained,  as  the  curves  show.  It  will  be  .seen  that  even  at  the  end  of  thirty 
minutes  he  is  still  making  a  higher  record  than  during  the  first  minute.  The 
attention  is,  in  general,  poor.  He  is  easily  distracted  and  there  is  a  limited 
amount  of  fluctuation.  The  powers  of  memory,  apprehension,  and  appercep- 
tion are  also  poor.  In  reasoning,  with  the  exception  of  the  comprehension 
question  designed  for  a  child  of  8  years,  and  the  most  elementary  addition 
problems,  there  is  a  complete  failure.  The  will  power  in  general  is  very  good 
but  will  doubtless  be  u.sed  without  reason.  He  responds  immediately  to  praise 
and  works  with  determination  and  thought  such  as  he  is  capable  of.  The 
patient  shows  the  usual  Mongolian  power  of  imitation.  There  is  also  a  ver\- 
evident  i)ersonal  pride.  He  carries  himself  erect  and  with  chin  up.  fre- 
quently expands  his  chest  to  its  greatest  capacity  and  looks  about  for  praise. 
He  shows  his  muscles  and  readily  undertakes  anything  that  will  increase  his 
physical  strength.  Asked  what  he  was  doing  in  the  cottage  he  straightened 
up,  felt  his  muscle,  and  replied,  'growling'." 

To  summarize:  The  patient  shows  (1)  good  discrimination;  (2)  splen- 
did endurance ;  (3)  from  fair  to  poor  attention ;  (4)  poor  apprehension ;  (5) 
poor  apperception;  (6)  poor  memory;  (7)  very  poor  reasoning;  and  (8)  a 
strong  but  irresponsible  will  power. 

A'or>inil  Ttvin. — The  twin  of  the  Mongol  is  a  normal,  healthy  girl.  She 
has  always  enjoyed  good  health  and  in  no  way  resembles  her  defective 
brother.  She  is  5  feet  .5  inches  tall  and  weighs  110  pounds.  Her  hands  and 
feet  are  long  and  slender,  her  hair  is  fine  and  tongue  normal.  Both  physically 
and  mentally  she  has  progressed  as  any  normal  child.  She  started  in  her 
school  work  at  7^  years  of  age.  The  first  and  second  grades  were  completed 
in  one  year,  as  were  also  the  sixth  and  seventh  grades.  She  was  graduated 
from  hi.gh  school  at  the  age  of  17.  Her  school  record  has  been  excellent  and 
if  we  were  to  judge  her  mental  ability  by  this,  she  could  easily  be  placed 
above  the  average  in  intelligence.  In  her  four  years  at  high  school,  she  never 
received  less  than  90  in  any  subject,  and  was  always  among  the  leaders  of 
her  class;  her  grand  average  for  the  four  years  being  93.4  per  cent.  Her 
best  subject  was  mathematics,  in  which  her  average  was  9."). 5  per  cent  for  the 
four  years.     This  average  included  all  the  courses  given  in  that  subject. 

COMMENT. 

^fatiy  cases  of  twin  births  in  the  feebleminded  have  been 
reported.  In  most  instances  both  children  have  been  feebleminded, 
but  in  some  cases  one  twin  has  been  feebleminded  while  the  other 
enjoyed  a  normal  mentality.  Goddard'  reports  four  such  cases. 
This  latter  phenomenon  can  be  easily  understood  if  we  accept 
Goddard's-  explanation.     He  states  that  normal-mindedness  is,  or 


'Goddard,  H.  H.  :   Feelile-Mindedness  :     Its  Causes  and  Conseouences.      IMaemillan 
Co.,   New   York,  1914,  p.   52;',. 

*^Goddard,  H.  H.:  Ibid.,  p.  r>48. 
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at  least  acts  like,  a  unit  character;  is  doniinant  and  i>  transmitted 
in  accordance  with  the  Mendelian  law  of  inheritance;  feeble- 
mindedness also  behaves  like  a  unit  character,  is  recessive,  and  is. 
like  nornial-inindedness,  transmitted  in  Mendelian  proportions. 
If  feeblemindedness  is  transmitted  according  to  ^kiendel's  law,  as 
there  is  very  good  reason  to  believe,  it  is  easy  to  explain  the  dif- 
ference in  the  mentality  of  the  twins.  Goddard''  states :  "We  have 
two  ova,  fertilized  by  different  spermatozoa,  each  of  them  subject 
to  whatever  possibilities  the  conditions  of  the  chromosomes  war- 
rant. In  the  one  case  a  'defective'  si)ermatozoan  has  fertilized 
a  'defective'  ovum  with  the  resulting  defective  offspring.  In 
the  other  case  a  normal  spermatozoan  has  fertilized  a  normal 
ovum,  or  else  one  of  the  germ  cells  has  been  normal  and  the  other 
'defective,'  in  either  case  resulting  in  a  normal  offspring." 

However,  the  above  discussion  does  not  ap]:)ly  to  ^longolian 
feeblemindedness,  for  it  is  an  exception,  in  that  it  is  not  hereditary 
and  does  not,  therefore,  follow  iVIendel's  laws.  In  this  respect  it  is 
similar  to  those  forms  of  feeblemindedness  that  are  due  to  acci- 
dental causes  acting  before,  at,  or  shortly  after  birth. 

To  our  knowledge  no  ^Mongol  has  ever  become  a  parent.  The 
genital  organs  of  Mongols  appear  to  develop  normally,  but  the 
sex  sense  seems  to  be  in  abeyance,  and  some  hold  they  are  sterile. 
Their  degree  of  mental  deficiency  is  so  pronounced  that  marriage 
is  unth(>ught  of.  This  eliminates  entirely  the  possibility  of  any 
light  being  thrown  on  the  etiology  by  studv  of  the  offspring. 

There  are  no  grounds  for  explaining  the  condition  on  the 
basis  of  birth  traumatism,  for  the  physical  characteristics  of  ^lon- 
gols  are  already  formed  before  birth.  Moreover,  in  our  case 
the  birth  was  not  only  normal  in  every  way.  no  instruments  being 
used,  but  the  normal  twin  was  the  first  born  and  would,  therefore, 
be  the  most  likely  to  suffer  from  birth  traimiatism  due  to  the 
crowded  pelvis. 

The  mother  suffered  more  during  this  pregnancy  than  any 
other,  but  this  is  to  be  expected  in  twin  gestation.  In  twin  preg- 
nancies the  mother  is  more  subject  to  toxic  conditions,  etc.,  than 
when  but  one  fetus  is  present. 

As  to  the  father's  health  at  the  time  of  conception  little  can 
be  said.    He  was  not  robust,  but  was  in  much  better  physical  con- 


»Goddard.  H.  H.:   Ibid.,  p.  .526. 
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cHtiDn  tliaii  at  the  time  of  conce])tion  of  his  first  child,  when  he 
was  in  all  prohahility  tuhercular.  As  hoth  parents  are  total  ah- 
stainers.  any  thous^dit  of  alcoholism  can  he  eliminated. 

Recently  there  has  been  an  endeavor  td  explain  the  etiology 
of  Mongolism  on  the  gronnds  of  congenital  sy])hilis.  As  a  result 
of  serologic  tests  in  thirty-eight  Mongols.  Stevens^'*,  "  reports  a 
positive  Wassermann  of  the  hlood  serum  in  '2\  ]>er  cent..  ]X)sitive 
W'assermann  of  the  spinal  fluid  in  IHA  per  cent.,  and  in  !)4.T  per 
cent,  a  positive  reaction  to  Lange's  gold  chlorid  test.  He  states 
that,  "the  serologic  tests  seem  to  demonstrate  Ix-yond  question  the 
condition  is  a  result  of  syphilitic  infection."  ?^lcClelland  and  Ruh^^ 
answer  Stevens"  contentions  by  criticizing  his  method  of  inter- 
preting the  tests  under  discussion.  In  serologic  tests  of  thirteen 
Mongols  they  foimd  negative  Wassermann  reactions  in  the  hlood 
and  spinal  fluid  and  negative  Lange's  gold  chlorid  tests  in  every 
instance.  They  state,  "from  careful  anamneses,  physical  exatnina- 
tions  and  the  laboratory  tests  now  available,  it  cannot  be  stated 
at  the  present  time  that  Mongolism  is  due  to  congenital  syphilis." 
Goddard^^  states  that  of  twenty-eight  MongoHans  examined  at  the 
Columbus  Institute,  Ohio,  17.8  per  cent,  gave  a  positive  Wasser- 
mann reaction  (presumal)ly  of  the  blood  serum)  ;  and  at  the  Keller 
Institution  in  Denmark,  no  ^longolians  gave  a  positive  Wasser- 
mann reaction.  Of  his  own  cases  at  Vineland,  where  two  series  of 
examinations  were  made,  and  both  blood  and  spinal  fluid  tested, 
he  states,  "in  neither  of  these  was  the  percentage  of  positives 
noticeablv  high."     Quoting  further  from  Goddard  : 

"I  have  not  been  able  to  find  any  conclusive  proof  that  syphilis  in  the 
parents  causes  feeblemindedness  of  any  type,  to  say  nothing  of  Mongolism. 
.  .  .  To  these  difficulties  in  the  way  of  regarding  syphilis  as  the  cause  of 
Mongolian  imbecility,  I  think  may  be  properly  added  the  further  one  that 
there  is  no  correlation  between  the  instance  of  Mongolism  and  syphilis.  Mon- 
golian imbecility  is,  relatively  speaking,  very  rare;  syphilis  is  far  from  rare. 
If  syphilis  is  the  cause  of  Mongolian  imbecility,  are  we  not  compelled  to  con- 
clude that  the  latter  would  be  vastly  more  prevalent  than  it  is?" 


"Stevens,  H.  C:  Mongolian  Idiocy  and  Syphilis,  J.  A.  M.  A.  G4:lfi36  (May  1.5), 
1915. 

"Stevens,  H.  C:  The  Spinal  Fluid  in  Mongolian  Idiocy,  Ibid.  00:1373  (April 
29),   1916. 

'^McClelland,  J.  E.,  and  Ruh.  li.  O.:  Syphilis  as  a  Factor  in  Mongolian  Idiocy, 
J.   A.   M.  A.   68:777    (March   10),   1917. 

'^Goddard,  H.  H.:  Syphilis  as  an  Etiologic  Factor  in  Mongolian  Idiocy,  Ibid.  08: 
10.'>7    (April    7),    1917. 


The  only  suj^gestion  of  syphilis  in  our  case  is  the  history  of 
miscarriage  hefore  and  after  the  hirth  of  the  twins.  An  examina- 
tion of  the  blood  serum  of  the  defective  twin  gives  a  negative 
W'assermann.  \Miile  it  is  true  syphilis  would  explain  why  one 
child  was  alTected  and  not  the  t)ther,  the  possibility  of  syi)hilis  ex- 
plaining all  cases  of  Mongolism  is  very  remote,  as  the  work  of 
McClelland,  Rub  and  Goddard.  ([uoted  above,  would  indicate. 

In  conclusion,  we  may  state  that  there  is  apparently  nothing  in 
the  history  of  the  mother,  father  or  family  to  account  for  the 
occurrence  of  Mongolian  imbecility  in  this  twin.  The  defective 
child  had  the  stigmata  of  the  condition  at  birth;  hence  it  is,  no 
doubt,  due  to  some  congenital  factor.  Mongolism  occurring  in 
one  of  twins  onlv  further  conxinces  us  of  the  obscure  etiolog}' 
of  this  affliction.  Granted  that  it  is  due  to  an  unknown  congenital 
cause,  we  are  at  a  loss  to  explain  why  one  child  is  so  affected  and 
the  other  escapes  entirely. 
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TSUGA  AMERICANA  (MILL.)  FARWELL:  A  FINAL 

WORD. 

Oliver  A.  F.-xrwell. 

(Department  of   Hotany,   Parke,  Davis  &  Co.,  Detroit,   Michigan.) 

In  Rhodora  for  October,  1!)18,  pages  185-8,  ]\Ir.  Tidestrom 
argues  for  the  retention  of  the  name  Tsuga  Canadensis  (L.)  Carr. 
for  the  Hemlock  Spruce  on  the  grounds  that  Linnaeus,  in  1739, 
assisted  in  writing  up  the  description  of  the  plant  for  Gronovius's 
Flora  Virginica,  1743,  and  hence  was  familiar  with  the  species  and 
therefore  the  element  Linnaeus  knew  should  be  considered  as  the 
type ;  also  that  the  word  snbmcmhranaccis  of  the  description  ex- 
cludes the  White  Spruce  from  consideration.  He  fails  to  prove, 
however,  that  the  White  Spruce  was  not  equally  known  to  Lin- 
naeus ;  he  only  supposes  that  it  was  not.  He  says :  "That  Lin- 
naeus meant  that  his  P.  Canadoisis  should  stand  for  a  Spruce  as 
we  understand  this  genus  is  out  of  the  question."  Since  Linnaeus 
included  the  "Spruce"  as  an  element  of  his  Finns  Canadensis  it  is 
rather  astonishing,  to  say  the  least,  to  learn,  "That  Linnaeus  meant 
it,  is  out  of  the  question."  Philip  ]\Iiller,  a  contemporary  of  Lin- 
naeus and  a  botanist  of  no  mean  ability,  ranking  perhaps  in  his 
day  as  second  only  to  the  distinguished  Swede,  and  one  who  prob- 
ably knew  as  much  as  any  about  the  then  current  concept  of 
species,  certainly  understood  Finns  Canadensis  Linn,  to  be  the 
White  S])ruce.     Note  the  description  of  each : 

Pixus  Canadensis,  Linn.  Abies  Canadensis.  Miller. 

Pinus  foliis  solitariis  linearibus  Abies  (Canadensis)  foliis  linearibus 

obtusiusculis  submembranaceis.  obtusiusculis  submembranaceis. 

With  the  exception  of  the  word  solitariis  these  descriptions  are 
identical  and  it  is  self-evident  that  Miller  adopted  the  specific  name 
and  technical  description  from  Linnaeus;  also  that  if  the  word 
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SHhiiiriiibraiun'cis  excludes  the  W'liite  Spruce  in  one  instance  it 
must  in  the  other  also.  Abies  Canadensis  Miller  as  to  name  and 
technical  description,  hut  not  as  to  plant,  is  a  pure  synonym  of 
PiiiKs  Canadensis  Linn.,  thus  leaving  Miller's  plant  nameless;  yet 
Mr.  Tidestrom  accepts  Picea  Ca)iade))sis  (Mill.)  Rritt.  If  Pinus 
Camidensis  Linn.  {Abies  Ca)iadeusis  Mill,  as  to  name  hringing 
synonym)  is  legitimately  construed  as  the  Hemlock  Spruce,  then 
the  nameless  plant  of  Miller,  the  While  Spruce,  must  he  given  a 
difterent  ap])ellation  than  the  one  hy  which  it  is  now  known,  since 
two  sjiecies  can  not  he  given  the  same  specific  name  when  hased 
upon  the  same  earlier  hinomial.  One  or  the  other  must  drop  the 
specific  name  Canadensis:  if  it  is  to  he  the  Hemlock,  then  its  name 
should  he  the  one  heading  this  article;  if  the  White  Spruce,  the 
name  for  it  should  he  Picea  glauca  (Moench.)  Beissn.  (Pinus 
glauca  ]\Ioench.,  V'erz.  73,  1T85.) 

For  my  part  and  with  all  due  resj^ect  to  Mr.  Tidestrom,  1  fail 
to  see  that  he  has  thrown  any  new  light  upon  the  suhject;  he  has 
not  shown  the  determining  incident  occurring  after  ry^j;  that  in- 
duced Linnaeus  to  create  a  new  hinomial  or  species,  if  it  zvere  not, 
as  previously  maintained  l)y  me,  the  publication  of  Miller's  plate 
and  description.  If  Linnaeus  did  not  know  the  White  Spruce,  the 
plate  of  ^Miller  illustrating  it  was  second  only  to  an  actual  speci- 
men in  hand,  and  therefore  he  became  through  studying  the  fig- 
ures as  familiar  with  the  Spruce  as  he  could  have  been  with  the 
Hemlock  from  an  examination  of  the  Clayton  fragmentary  twig, 
some  twenty  odd  years  previously;  he  was  at  the  time  (when 
Miller's  figures  were  brought  to  his  attention)  probably  engrossed 
with  the  production  of  the  2nd  Ed.  of  the  Species  Plantarum ;  his 
study  of  the  Hemlock  was  brought  to  mind ;  he  saw  a  greater 
resemblance  in  it  to  the  Spruce  than  to  the  Balsam  Fir;  it  was, 
therefore,  taken  out  of  Pinus  Balsamea  and  placed  under  his  new 
species,  P.  Canadensis,  where  it  "should  not  be  considered  as  ne- 
cessarily belonging  to  the  species,  ])ul  that  it  was  possible  that 
such  was  the  case ;"'  having  brought  these  two  species  together, 
that  he  used  the  old  descri])tion  of  his  own  rather  than  that  of  a 
rival  author  was  perfectly  natural,  and  quite  understandable. 
Since,  however,  the  plate  of  Miller  is  the  determining  factor  in  the 
creation  of  Pinus  Canadensis,  it  should  be  considered  as  the  tyj^e. 
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ANAPHYLAXIS  IN  VETERINARY  PRACTICE. 

H.  PRESTOX   HOSKINS,   V.  M.  D., 

(.Animal   Pathologirit,   Medical   Research   Laboratories,   Parke,   Davis   &   Co., 
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Anaphylaxis  is  a  term  coined  by  a  French  investigator,  Charles 
Richet.  whose  investigations  as  far  back  as  1903  really  laid  the 
foundation  for  t)nr  ])resent  knowledge  of  the  subject.  The  dis- 
coveries of  Arthus  and  the  observations  of  Von  Pirquet  and 
Schick  were  among  the  contril)utions  to  our  earlier  knowledge  of 
anaphylaxis.  Etymologically  the  word  anaphylaxis  is  built  up 
from  two  (ireek  words,  ava  (against)  and  c^i'Aa^  (a  guard).  To- 
day the  word  really  has  a  double  meaning,  (a)  the  phenomena  or 
symptoms  of  intoxication  exhibited  by  a  sensitized  animal  follow- 
ing the  second  injection  of  a  foreign  protein  after  an  appropriate 
interval,  or  (b)  the  state  of  being  sensitized  to  a  foreign  protein. 

In  bringing  about  an  anaphylactic  state,  there  are  three  distinct 
steps:  (1)  sensitization;  (2)  inculcation;  and  (3)  intoxication. 
Proteins,  of  which  there  is  an  endless  variety,  seem  to  be  the  only 
substances  that  are  capable  of  bringing  about  the  anaphylactic 
state,  and  these  proteins  must  be  foreign  to  the  animal  receiving 
them,  or  anaphylaxis  will  not  result,  b'urther,  the  i:)rotein  sul)- 
stance  must  be  unaltered,  in  a  soluble  state,  and  must  reach  tlie 
blood  or  lymph  of  the  animal,  for  the  latter  to  become  sensitized. 
Blood  serum  and  hemoglobin,  erythrocytes,  leucocytes,  milk,  ^gg 
albumen,  organ  extracts,  spermatozoa,  pollen  granules,  etc.,  are 
all  substances  that  may  be  employed  to  demonstrate  anaphylaxis, 
and  at  times  only  surprisingly  small  amounts  of  these  substances 
are  necessary  to  demonstrate  the  phenomena  of  the  reaction. 

All  species  of  animals  appear  to  be  capable  of  sensitization. 
Most  observations  have  been  made  on  the  guinea-pig,  rabbit  and 
dog,  although  the  literature  on  the  subject  contains  references  to 
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other  animals,  inclucliiii,'  the  horse,  cow,  ijoat,  sheep,  pig.  rat, 
white  mouse,  trog.  and  various  birds.  Of  the  laboratory  animals 
the  guinea-pig  is  pro])ably  the  best  for  demonstration  purposes, 
and  the  injections  of  the  j^rotein  should  be  made  subcutaneously. 
intravent>usly.  or  intraperitoneally. 

The  incubation  period  in  anaphylaxis  is  quite  similar  to  the 
incubation  period  of  an  infectious  disease.  The  ])eri()d  varies  in 
different  species,  the  method  or  site  of  injections,  and  the  quanti- 
ties of  the  substance  used.  In  anaphylaxis  the  period  of  incuba- 
tion may  be  said  to  be  the  interval  between  the  hrst  injection  of 
the  protein  material  and  the  earliest  appearance  of  ana])hylactic 
shock  following  the  second  injection  of  the  same  protein  material. 
The  period  varies  from  one  week  to  four. 

Intoxication  is  usually  manifest  by  functional  disturbances  of 
various  organs,  varying  considerably  with  different  species.  For 
instance,  in  the  anaphylactic  guinea-]Mg  the  lungs  seem  to  be  the 
center  of  the  disturbance.  In  the  rabbit  there  are  profound 
changes  in  the  cardiovascular  apparatus.  In  the  dog  we  have  both 
circulatory  and  gastro-intestinal  symptoms,  while  man  frequently 
shows  marked  cutaneous  eruptions.  Animals  and  man  may  con- 
tinue to  be  sensitive  for  a  number  of  years  following  the  initial 
injection  of  the  foreign  protein.  The  character  of  the  anaphylactic 
reaction  is  fairly  constant  for  a  given  species,  irrespective  of  the 
protein  used — that  is,  different  proteins  invariably  produce  the 
same  symptoms  in  the  same  species. 

That  form  of  anaphylaxis  known  as  "serum  disease''  is  a 
phenomenon  that  has  undoubtedly  been  of  more  concern  to  the 
practitioner  of  human  medicine  than  to  the  veterinarian.  How- 
ever, in  view  of  the  fact  that  the  underlying  ])rinci])les  of  the 
phenomenon  are  identically  the  same  in  both  man  and  lower  ani- 
mals, a  brief  review  of  the  subject  might  be  ai)ropos  at  this  time. 
The  term  "serum  disease"  has  been  given  to  anaphylaxis,  because 
the  first  exjjeriences  with  anai)hylactic  shock  were  had  in  connec- 
tion with  the  administration  of  antidijjhtheric  scrum,  but  before 
the  exact  nature  of  the  trouble  (jr  the  conditions  surrounding  it 
were  known.  As  the  veterinarian's  experiences  with  anaphylaxis 
are  quite  likely  to  be  in  connection  with  the  administration  of 
serum,  we  will  consider  the  ])henomenon  from  this  standpoint. 

Blood  serum  is  rich  in  prntein  sulxstances.    When  proteins  are 
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inj^ested,  in  the  form  of  food,  the  digestive  juices  and  their 
enzymes  break  up  these  complex  protein  substances  into  much 
simpler  bodies  before  their  absorption  into  the  blood,  and  no  unto- 
ward reaction  of  any  kind  is  the  general  rule.  There  are  excep- 
tions, however,  in  the  cases  of  certain  individuals,  who  invariably 
exhibit  a  chain  of  symptoms  following  the  ingestion  of  a  certain 
food,  one  of  the  most  common  being  the  skin  eruption,  in  the 
form  of  hives,  exhibited  by  persons  a  short  time  after  eating  the 
food  to  which  they  are  i)eculiarly  susceptible. 

Anaphylactic  reactions  are  most  typical  when  they  follow  the 
parenteral  introduction  of  protein  substances.  By  parenteral  we 
mean  the  introduction  by  some  route  other  than  the  digestive  tract, 
for  instance,  subcutaneously,  intravenously,  or  intramuscular^. 
That  the  substances  which  will  produce  anaphylaxis,  under  certain 
conditions,  are  in  themselves  harmless,  has  been  ])roven  many 
times.  On  the  other  hand,  it  i>  tlie  condition  of  the  animal  or  the 
person,  with  reference  to  the  protein,  which  results  in  anaphylactic 
shock  when  the  protein  is  injected. 

For  instance,  we  may  take  a  healthy,  normal  dog  and  inject 
subcutaneously  5  mils  of  normal  horse  serum.  No  untoward 
symptoms  follow,  nor  is  any  reaction  manifest,  locally  or  other- 
wise. We  keep  the  dog  under  observation  for  some  time,  and 
again  inject  5  mils  of  normal  horse  serum.  Almost  immediately 
the  dog  begins  to  >h(nv  signs  of  distress,  and  we  have  a  typical 
anaphylactic  reaction.  If  we  take  another  dog,  and  repeat  the 
above  experiment,  but  substitute  normal  dog  serum  for  the  normal 
horse  serum,  no  anai)hylactic  reaction  will  follow.  This  is  because 
a  foreign  protein  is  required  to  bring  about  the  anaphylactic  condi- 
tion. 

By  way  of  explanation  it  may  be  said  that  the  tirst  dog  was 
sensitized  by  the  tirst  injection  of  the  foreign  horse  serum.  The 
second  dog  was  not  thus  sensitized,  because  the  serum  was  homol- 
ogous (from  the  same  species).  That  an  incubation  period  is 
required  for  the  complete  sensitization  of  the  animal  can  be  dem- 
onstrated very  easily,  by  giving  two  injections,  closely  following 
one  another,  in  which  case  no  reaction  follows.  However,  if  we 
allow  an  interval  of  time  to  elapse,  after  the  second  injection,  be- 
fore giving  a  third,  we  will  find  our  animal  sensitized  and  capable 
of  reacting  anaphylactically  when  the  third  injection  is  given. 
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The  accepted  exi)lanation  of  this  phenomenon  assumes  that 
following  the  initial  introduction  of  a  foreign  protein,  the  body 
reacts  and  specific  antibodies  are  formed.  In  this  case  these  anti- 
bodies exist  in  the  form  of  ferments,  which  have  the  property  of 
splitting  up  the  protein  molecules  into  a  number  of  parts.  Some 
of  these  are  poisonous  and  the  symptoms  which  characterize  ana- 
phylactic shock  are  attributed  to  the  tonic  actions  of  the  split- 
products  of  the  protein  molecule. 

Now,  how  does  anaphylaxis  concern  the  veterinarian?  The 
multiplication  of  serums  for  prophylactic  and  curative  use,  in  the 
control  and  treatment  of  the  various  infectious  diseases  of  animals, 
brings  the  subject  very  close  to  home.  At  the  present  time  we 
have  the  following  serums  being  used  more  or  less  extensively  by 
veterinarians : 

Antitetanic  serum   (tetanus  antitoxin) 

Anti-influenza  serum 

Antistreptococcic  serum 

Anti-white  scours  serum 

Anti-distemper  serum  (canine) 

Anti-hemorrhagic  septicemia  serum 

Anti-blackleg  servnn 

Anti-hog  cholera  serum 

Anti-anthrax  serum 

Anti-rinderpest  serum 

Anti -abortion  serum 

With  one  exception,  in  the  case  of  anti-hog  cholera  serum, 
either  horses  or  bovines  are  used  in  the  production  of  these 
serums.  Anti-hog  cholera  serum  is  produced  exclusively  from 
hogs,  and  is  used  exclusively  on  hogs,  and  therefore  may  be  dis- 
missed from  this  discussion,  in  so  far  as  any  dangers  in  connection 
with  its  use  are  concerned.  Anti-rinderpest  serum  may  also  be  dis- 
missed, as  it  is  produced  from  and  used  exclusively  for  tlie  treat- 
ment of  bovines. 

Antitetanic  and  anti-influenza  serum  should  present  no  diffi- 
culties, in  view  of  the  fact  that  these  serums  are  produced  ex- 
clusively from  horses,  and  their  use  is  practically  confined  to  the 
same  species.  Antidistemper  serum  (canine)  should  present  no 
difficulties,  but   for  a  diflFerent  reason.     The  serum  is  produced 
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from  horses,  but  used  on  dogs,  therefore  a  foreign  serum.  How- 
ever, it  is  practically  the  only  serum  that  is  used  to  any  extent  on 
dogs,  and  when  it  is  used  should  cause  no  trouble,  owing  to  the 
fact  that  when  more  than  one  dose  is  necessary,  they  are  given 
close  enough  together  to  practically  eliminate  any  danger  of 
anaphylaxis. 

Antistreptococcic  serum  is  ])roduced  from  horses  and  largely 
used  in  the  treatment  of  diseases  of  this  species.  The  antigen 
used  in  its  preparation  consists  of  various  strains  of  streptococci 
isolated  from  lesions  in  horses,  believed  to  be  due  primarily  to 
streptococcic  invasion.  We  have  conditions  in  other  species  that 
are  probably  due  to  streptococci,  certain  forms  of  mastitis,  for  in- 
stance, and  for  this  reason  there  would  be  a  good  argument  for 
using  antistreptococcic  serum  in  this  condition,  especially  if  it 
were  polyvalent  and  in  its  preparation  strains  from  bovine  sources 
had  been  used. 

For  these  reasons,  therefore,  antistreptococcic  serum  would 
fall  into  the  same  class  with  anti-white  scours  serum,  anti-anthrax 
serum,  anti-blackleg  serum,  anti-abortion  serum,  and.  anti- 
hemorrhagic  septicemia  serum,  in  view  of  the  fact  that  these 
serums  are  produced  from  horses  and  largely  used  in  the  treat- 
ment of  cattle.  The  danger  lies,  not  in  the  case  of  any  one 
serum,  Init  in  the  fact  that  all  are  immune  horse  serums  that  may 
be  used  at  different  times  in  treating  an  animal  of  the  bovine 
species. 

It  is  not  my  intention  to  imagine  a  condition  which  does  not 
exist,  nor  to  magnify  or  exaggerate  a  danger  which,  at  the  worst, 
is  small.  On  the  other  hand  I  will  be  content  to  state  the  facts 
in  the  case  and  cite  a  few  instances,  or  combinations  of  circum- 
stances, which  might  lead  to  embarrassment. 

Suppose,  in  a  certain  herd,  it  is  customary  to  give  each  calf, 
at  birth,  a  prophylactic  dose  of  anti-white  scours  serum.  Some 
months  later  anthrax  makes  its  appearance  in  the  herd,  and  it  is 
decided  to  give  each  animal  in  the  herd  a  dose  of  anti-anthrax 
serum.  There  is  some  danger  of  inviting  anaphylactic  reactions, 
unless  the  veterinarian  takes  precautions  to  prevent  this  very  thing 
from  happening.  This  can  be  done  very  easily  by  administering 
what  is  called  a  desensitizing  dose  of  serum.  This  is  a  small 
dose,  from  0.5  to  1.0  mil,  administered  as  a  sort  of  "feeler."     If 
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tlie  animal  is  sensitized,  the  reaction  following  will  be  veiy  mild. 
and  in  a  short  time  the  desired  larger  dose  ma\'  he  administered 
without  danger.  This  i)rocedin'e  is  very  frequently  followed  by  the 
practitioner  of  htiman  medicine,  wdio  really  faces  greater  diffi- 
culties in  this  respect  than  the  veterinarian,  because  the  serum  is 
almost  invariably  foreign  to  the  ])atient.  and  the  latter  may  have 
been  sensitized  by  the  previous  use  of  a  certain  serum  administered 
at  a  prior  illness.  Various  methods  have  l)een  advocated  for 
eliminating  the  dangers  of  anaphylactic  shock,  following  the  in- 
jection of  serum.  One  of  these  that  is  tmdoubtedly  im]M)rtant  is 
to  inject  the  seritm  very  slowly  when  giving  it  intravenously. 

In  anthrax-infected  districts  it  is  quite  often  customary  to 
vaccinate  the  animals  once  a  year,  or  oftener  in  case  of  a  bad  out- 
break. If  the  serum-simultaneous  method  is  used,  there  is  some 
danger  of  inviting  anaphylactic  reactions  in  the  cattle  and  sheep. 
Several  years  ago  Alexandresca  and  Ciucia,  working  in  Roumania, 
absolutely  prevented  anaphylactic  reactions  in  cattle  by  adminis- 
tering a  desensitizing  dose  of  serum,  while  in  the  cattle  that  were 
not  desensitized  more  than  10%  exhibited  anaphylactic  reactions. 
Other  methods  that  have  lieen  tried  in  the  attempt  to  prevent  these 
reactions  are :  heating  the  serum,  the  addition  of  hydrochloric  acid 
to  the  serum,  rectal  injections  of  the  serum,  and  various  methods 
of  combining  the  serum  to  be  used  with  other  sera. 

There  are  several  animal  diseases,  the  etiolgy  of  which  has 
not  been  satisfactorily  determined,  which  various  authorities  have 
at  times  believed  to  be  of  an  anaphylactic  nature.  Parturient  ])ar- 
esis  (milk  fever)  is  one  such  disease,  but  to  accept  it  as  a  form  of 
anaphylaxis  we  must  modify  our  ideas  of  the  condition  somewhat. 
It  is  an  established  fact  that  in  the  same  species  the  symptoms  are 
always  about  the  same,  irrespective  of  the  substance  or  material 
bringing  about  the  anaphylactic  reaction.  The  tuberculin  and  mal- 
lein  reactions  are  anaphylactic  in  nature.  One  of  the  most  common 
conditions  in  human  beings  believed  to  be  of  an  anaphylactic  nature 
is  hay  fever. 

Hadwen  and  Bruce'  have  described  cases  of  anaphylaxis  occur- 
ring naturally,  suspected  of  having  been  caused  by  warbles.  These 
having  been  cru.shed  subcutaneously,  through  an  injury,  the  ma- 
terial liberated  was  sufficient  in  quantity  to  produce  shock.  'J'heir 
experiments  with  injections  of  aqueous  extracts  of  Oestrus  ovis, 
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Hypoderma  bovis  and  (jastrophilus  equi  larvce  indicated  that  the 
hosts  of  these  parasites  were  sensitized,  and  would  react  when  in- 
travenous injections  were  made,  using  aqueous  extracts  of  the  ani- 
mals' own  larvae.  Their  interest  in  the  subject  centered  around  the 
etiology  of  infectious  anemia  of  horses.  The  Seyderhelms-  and 
Ries^  believed  that  this  disease  was  caused  by  toxic  substances  elab- 
orated and  given  ofi  by  Gastrophilus  larvae.  Van  Es  and  Schalk* 
showed  very  conclusively  that  such  was  not  the  case,  but  that  the 
results  obtained  by  the  European  investigators  could  be  attributed 
to  anaphylaxis.  Williams  and  Hagan°  have  given  a  good  descrip- 
tion of  the  anaphylactic  symptoms  shown  in  young  heifers,  fol- 
lowing the  fourth  injection  of  serum,  at  intervals  of  17,  15  and  42 
days,  no  reaction  having  been  noted  at  the  second  and  third  injec- 
tions. 

A napliylactic  syiiiptonis. 
BoviNEs: 

Uneasiness  or  excitement,  followed  by  depression, 
collapse,  prostration  and  o])isthotonos ;  trembling,  most 
marked  over  the  hind  ffuarters  and  shoulders  ;  profuse 
lacrimation  with  swelling  (edema)  of  the  eyelids;  mouth 
open  and  tongue  pendulous;  swelling  of  the  anus  and 
vulva;  cyanosis;  extension  of  the  legs,  which  are  rigid 
but  flexible ;  swelling  of  the  udder ;  respiration  increased, 
after  initial,  temporary  decrease  in  rate;  stertorous 
breathing;  sweating;  increased  peristalsis,  with  pas- 
sage of  mucus,  feces  and  flatus  ;  micturition. 

Horses  ; 

Uneasiness  and  trembling  of  certain  groups  of  muscles; 
sweating  ;  symptoms  of  colickv  pains  ;  tenesmus  ;  defeca- 
tion at  frequent  inter\als  :  nasal  discharge;  micturition; 
retching;  stimulation  of  mucous  glands;  dyspnea;  mus- 
cular weakness  and  collapse;  with  anxious  expression 
of  face. 

Dogs  ; 

Excitement ;  swallowing  movement ;  retching  and  vom- 
iting;  muscular  weakness:  involuntary  defecations 
(diarrhea). 
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Sheep: 

l.ahorctl.  rapid  rcsinratioiis ;  mucous  discharge  from 
nose ;  tears ;  frothing  at  the  mouth ;  swallowing  move- 
ments ;  cyanosis  of  skin  and  mucous  membranes  ;  violent 
trembling;  protrusion  of  tongue;  collai)se. 

Hogs: 

Restlessness  and  excitement;  labored,  stertorous  breath- 
ing ;  cyanosis,  very  marked  in  white  hogs  ;  muscular  weak- 
ness and  collapse;  vomiting  (occasionally);  invohmtary 
defecation. 

Rabbits  : 

Slow  respirations,  but  absence  of  dyspnea ;  weakness, 
followed  by  falling  on  one  side  and  remaining  motionless ; 
involuntary  defecation  ;  increase  of  peristalsis  ;  dilatation 
of  the  pupils ;  pallor  of  the  visible  mucosae ;  convulsions ; 
absence  of  heart-beat  and  arrested  respiration. 

Guinea-pig's: 

Restlessness;  sneezing  and  rubbing  of  nose;  muscular 
weakness,  followed  by  recumbency ;  convulsions ;  slow, 
labored  respirations  ;  slow  but  strong,  regular  heart-beats  ; 
dilatation  of  the  pupils  ;  involuntary  micturition  and  defe- 
cation; cyanosis. 

Max  : 

Fever;  skin  eruptions  (rash  or  urticaria);  swelling  of 
the  lymph-glands ;  edema ;  lei:kopenia,  shown  l)y  blood 
counts ;  pains  in  the  joints. 
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THE  ABSENCE  OF  FAT-SOLUBLE  A  VITAMIN  IN 
CERTAIN  DUCTLESS  GLANDS.- 

By  a.  D.  Emmett  and  G.  O.  Lukos. 

(From  the    Medical    Re.search   Laboratories  of  Parke,  Davi.s  &   Co.,   Detroit,   Mich.) 

Of  late  a  good  deal  of  emphasis  has  been  placed  upon  the  pos- 
sible value  of  the  fat-soluble  A  accessory  in  the  treatment  of  cer- 
tain diseases  such  as  rickets,  pellagra,  and  xerophthalmia.  It  is 
known  for  example  that  some  of  the  oils,  such  as  cod  liver  oil, 
which  are  admitted  to  be  of  therapeutic  value,  contain  a  vitamin 
or  food  hormone.  In  ]909  Stepp  (1)  concluded  from  his  experi- 
mental studies  on  rats  that  certain  fats  or  related  substances,  such 
as  lipins,  which  are  soluble  in  fat  solvents,  were  essential  for 
maintenance  and  growth.  McCollum  and  Davis  (2)  and  Osborne 
and  Mendel  (3)  came  to  the  same  conclusion  in  1913  when  they 
discovered  that  butter  fat  stimulated  growth  in  young  rats  that 
had  thrived  normally  for  a  long  time  and  then  had  ceased  to  grow. 
Osborne  and  Mendel  (4)  found  that  this  accessory  resided  in  the 
butter  oil  fraction  and  had  no  relation  to  lipoids  ;  that  it  was  sol- 
uble in  absolute  alcohol,  and  when  introduced  into  the  diet  cured 
an  eye  trouble  which  later  McCollum  classed  as  a  form  of  xeroph- 
thalmia (5).  ]\IcCollum  and  associates  who  designated  this 
accessory  as  fat-soluble  A  ((5)  found:  that,  if  it  was  present  in 
animal  tissues,  it  was  removed  with  the  fats  when  they  were  dis- 
solved out  by  ordinary  solvents  such  as  ether;  but  in  vegetable 
tissues  (plants,  seeds,  or  leaves)  it  remained  behind  when  the 
oils  were  extracted  with  ether,  benzine,  chloroform,  or  acetone 
(5,  7).    Hot  alcohol,  however,  removed  it  from  the  residue  (7,  8). 

The  following  table  gives  a  current  summary  of  the  presence  or 


*Read  before  the  Buffalo  meeting,  American  Chemical  Society,  April  9,  1919. 
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absence  of  the  fat-soluble  A  vitainine  in  food  substances,  based 
U])on   published   results. 


Absent  or  vcr\   little. 
(a)   Animal  Source: 
Lard  (2.  4). 
Pis  heart  (13,  14). 

(/))   Vegetable  Source: 
Olive  oil  (2). 
Almond  oil  (»). 
Oils     from     maize,    linseed, 

sunflower,  soy  beans,  and 

wheat  (IT). 
Cotton  seed  oil   (12,  17). 
Nut  margarine  (11). 
Vegetable  margarine  (11). 
White  beans  (24). 
Barley  (25). 
Potato  (26). 


Present. 

(a)  Animal  Source: 

Butter  fat  (2,  3). 
Egg  yolk  and  fat  (2,  4,  9). 
Cod  iiver  oil  (9). 
Beef  oil  (10). 
Oleomargarine   (10.  11). 
Cod  testicles  (12). 
Pig  kidneys  (12,  13,  14). 
Pig  liver  and  liver  oil   (14). 
Fat  fish  and  fish  oils  (15). 
Dried  and  unsweetened  con- 
densed milk  (16). 

(b)  Vegetable  Source: 

Corn,  wheat  germ,  rvc,  and 

oats  (13). 
Leaves  of  plants  (5,  7,  17,  18). 
Cotton  seed  flour  and  oil  (19). 
Flaxseed,  millet,  and  hemp 

seed  (7). 
Sov  beans  (20). 
Peas  (21.  22). 
Bananas   (23). 


From  the  above  list,  it  will  be  seen  that  one  of  the  ductless 
glands,  the  cod  testicles,  has  been  found  to  contain  the  fat-soluble 
A  in  the  ether  extract.  In  this  report  we  add  our  findings,  made 
upon  the  fats  from  three  other  ductless  glands — pancreas,  thymus, 
and  suprarenal. 

The  glands  were  ground  and  extracted  with  either  acetone  or 
benzine.  The  fats  were  redissolved  in  ether  and  again  filtered. 
They  were  then  incorporated  in  a  diet  that  had  been  found  to  be 
adequate  for  growth  except  for  a  lack  of  the  fat-soluble  .\  acces- 
sory. The  deficient  diet  was  first,  fed  to  rats  in  order  to  bring 
them  down  to  a  ])lane  where  they  would  show  definite  symptoms 
of  a  lack  of  this  vitamin,  such  as  loss  in  weight,  poor  phvsical 
condition,  and  xerophthalmia.  The  rats  were  then  fed  the  modi- 
fied diet  and  the  results  compared  with  control  tests  (Chart  1), 
carried  out  under  the  same  conditions.  Ten  per  cent  of  the  gland- 
ular fat  was  used. 

The  weight  curves,  given  in  Charts  2,  3,  4,  and  5,  show  defi- 
nitely that  benzine  or  acetone  did  not  extract  from  the  pancreas, 
thymus,  and  suj^rarenal  glanrls  a  fat  that  contained  the  fat-soluble 
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A  vitamin.  Therefore,  in  the  use  of  desiccated  products  of  these 
glands,  it  is  safe  to  state  that  any  of  the  ether-soluble  fat  which 
is  still  present  (the  major  portion  being  removed  before  desicca- 
tion) does  not  have  any  therapeutic  value  from  the  standpoint  of 
the  fat-soluble  A  vitamin. 
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Chart  1.  Butter  fat.  The  curves  in  this  chart  represent  the  control  groups; 
(a)  rats  on  a  diet  with  fat-soluble  A  present,  (b)  rats  on  a  diet  with  fat-soluble  A 
absent,  and  (c)  rats  that  were  first  put  on  a  deficient  fat-soluble  A  diet.  Period  1, 
and  then  cured  by  introducing  this  accessory  into  the  food  mixture,  Period  2.  "E" 
designates  when  xerophthalmia  became  evident.  The  basal  diet  was  made  up  of  lact- 
albumin  protein  10  per  cent;  lard  28  per  cent;  protein-free  milk  (the  carrier  of  the 
water-soluble  B  vitamin,  mineral  salts,  and  lactose)  28  per  cent;  and  starch.  Ten  per 
cent  of  purified  butter  fat  was  employed  to  supply  the  fat-soluble  A  and  replaced  an 
equivalent  amount  of  lard. 


y 

X 

y 

u<<^ 

/j 

/ 

1/ 

\ 

' 

/ 

y 

(bj^\ 

X 

^05_1 

\ 

y 

/ 

<ii/ 

w 

/ 

^"''''^1 

;\ 

/ 

^ 

1  1 

/ 

Y 

1 

r     t 

^ 

\iOd(L!/s     i 

i*W 


120 


100 


ao 


60 


fO 


20 


0 

Chart  2.  Pancreas  fat.  In  Period  1,  the  rats  were  fed  the  basal  diet.  Period 
2,  when  the  acetone-extracted  pancreas  fat  was  used,  indicates  that  the  rats  did  not 
respond  to  the  change   in   diet  but  died  as  designated  by   "X." 
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Chakt  3.  Pancrtas  fat.  In  IVriud  1,  the  basal  diet  was  used.  In  Period  2,  10 
per  cent  of  the  pancreas  fat  was  introduced  into  the  ration.  It  was  obtained  by  ex- 
tracting the  glands  with  ether  instead  of  acetone  as  in  Chart  2.  These  rats  were  much 
heavier  at  the  start  than  those  represented  in  Chart  2.  There  was  a  cessation  in  the 
loss  of  weight,  but  no  gain  in  weight  and  no  improvement  in  bodily  condition.  The 
rats  finally  became  so  weak  that  they  were   killed. 
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Chart  4.  Thymus  fat.  In  Period  1,  the  diet  was  the  same  as  the  basal  food 
fed  the  rats  represented  in  Charts  1,  2,  and  3.  Period  2  shows  when  the  acetone- 
extracted  thymus  fat  was  introduced;  there  was  no  beneficial  effect  resulting,  only  a 
continued  decline.  In  Period  3,  the  equivalent  amount  of  butter  fat,  substituted  for 
the  thymus  fat,  brought  about  immediate  response. 
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Chart  o.  Suprarenal  fat.  At  the  end  ot  Period  1,  during  which  the  basal  diet 
was  fed,  10  per  cent  of  the  ether-extracted  suprarenal  fat  was  put  in  the  food  mixture, 
in  place  of  so  much  lard.  No  growth,  gain  in  weight,  or  improvement  in  body  took 
place.  Upon  introducing  10  per  cent  of  purified  butter  fat  for  the  suprarenal  fat,  an 
immediate  response  in  c(  ndition  and  weight  was  manifested.  Rats  34  and  93  were  in 
such  an  emaciated  condition  that  they  were  killed,  as  shown  in  the  chart  by  "K." 
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ADRENALIN. 

AN  ADJUNCT  TO  AND  AN  ANTIDOTE  VOR 
APOTHESINE. 

By  Herbert  C.  Hamilton,  Detroit.  Miciiican. 

Almost  every  medicinal  substance  is  a  potential  poison  and 
should  be  considered  from  this  viewpoint.  When  for  any  reason 
toxic  symptoms  follow  its  administration,  the  physiological  effects 
of  a  toxic  dose  should  be  known  and  information  available  as  to 
a  counteracting  substance. 

Under  certain  conditions  local  anesthetics  may  produce  sec- 
ondarv  effects  of  an  entirely  different  nature  from  their  beneficial 
anesthetic  properties.  In  the  case  of  cocaine  the  high  degree  of 
toxicity  and  its  habit- forming  effects  are  such  as  to  limit  or  inhibit 
its  use  in  many  cases. 

Among  the  substitutes  for  cocaine,  using  the  term  in  the  sense 
of  an  equivalent  rather  than  an  inferior  substance,  novocaine  for 
some  years  became  very  popular.  Braun  (1)  states:  "Experience 
and  experiment  have  shown  that  by  doubling  the  dose  of  novo- 
caine so  as  to  make  it  as  effective  as  cocaine  and  at  the  same  time 
by  adding  suprarenin  (adrenalin),  novocaine  has  become  the  ideal 
anesthetic  for  injecting  into  the  tissues  and  has  made  the  use 
of  cocaine  unnecessary." 

Attempts  have  been  made  in  some  cases  to  overcome  certain 
of  the  objectionable  features  of  cocaine  by  a  combination  of  chem- 
icals which  will  enhance  its  value,  either  (1)  directly  as  by  applying 
the  cocaine  in  its  basic  form.  (2)  or  indirectly  by  localizing  its 
action  and  so  making  a  smaller  dose  more  effective-  Braun  (3) 
says :  'Tt  was  observed  that  the  local  anesthetic  power  of  cocaine 
was  enormously  increased  by  the  addition  of  very  small  quantities 
of  suprarenin." 

Apothesine  is  a  local  anesthetic  which  is  materially  less  toxic 
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than  cocaine  and  is  entirely  free  from  habit-forming  eflfects.  By 
laboratory  tests,  approximating  two  of  its  methods  of  application — 
on  the  sciatic  nerve  of  the  frog  and  intracutaneously  applied  to 
human  subjects — it  is  demonstrated  to  be  equal  to  cocaine  ;  in  its 
action  on  mucous  membrane,  while  less  effective  than  cocaine,  it 
is  identical  in  degree  and  kind  with  that  of  novocaine  (i).  Its 
toxic  action  is  also  identical  with  that  of  novocaine,  showing  a 
strongly  depressing  effect  on  the  heart  and  respiration. 

While  local  anesthetics  are  ordinarily  used  in  doses  minute 
compared  to  the  amount  necessary  to  produce  a  systemic  reaction, 
there  are  occasions  in  which  such  reactions  are  evident  either  be- 
cause of  an  excessive  dose,  or  because  of  hypersensitiveness  to 
its  toxic  action.  In  such  cases  knowledge  of  an  antidote  or  counter- 
acting substance  is  of  primary  importance,  and  should  be  in  the 
hands  of  every  user  of  the  anesthetic. 

The  minimum  fatal  subcutaneous  dose  of  apothesine,  based 
on  guinea-pig  experimentation,  is  several  times  that  for  cocaine, 
that  is,  it  is  much  less  toxic.  The  fatal  dose  calculated  to  the 
average  weight  of  a  man  is  more  than  a  half  ounce  of  the  pure 
crystals. 

The  toxic  effects  are  exerted  largely  on  the  circulatory  system. 
Blood  pressure  and  heart  amplitude  are  greatly  reduced  under  its 
influence  in  animal  experiments  and  death  is  apparently  due  to 
the  depression  of  the  heart. 

What  is  therefore  more  natural  than  to  turn  to  adrenalin,  the 
characteristic  effects  of  whicli  on  the  circulatory  system  are  exactly 
the  opposite  of  those  of  apothesine  and  which  when  properly  ad- 
ministered acts  even  more  quickly.  Experiments  on  anesthetized 
dogs  confirmed  this  theoretical  counteracting  effect  and  proved,  as 
shown  by  the  illustrations,  that  an  otherwise  fatal  dose  could  be 
favorably  influenced  by  administering  adrenalin  chloride  solution, 
and  that  when  the  latter  was  injected  with  the  apothesine  in- 
travenously, its  depressing  action  on  the  heart  could  he  eliminated 
entirely. 

Although  in  rare  cases  only  is  apothesine  injected  intravenously, 
its  effect  from  this  form  of  administration  is  much  more  rapid 
and  is  identical  in  kind  with  that  from  the  subcutaneous  injec- 
tion, and  is  produced  by  a  much  smaller  dose.  The  results,  there- 
fore, are  comparable,  although  the  doses  are  not. 
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The  experiments  were  carried  out  on  anesthetized  dogs,  the 
ajiothesine  lieing  administered  intravenously  on  account  of  the 
promptness  of  its  action  when  so  given.  The  effect  on  the  heart 
when  so  administered  is  so  rapid  that  it  was  found  necessarv  to 
mix  the  two  substances,  since  the  one  acts  ahnost  as  promptly 
as  the  other.  When  the  two  agents  are  injected  at  the  same  time, 
the  depressing  effect  of  a  large  dose  of  apothesine  is  not  evident 
until  the  action  of  the  adrenalin  has  ceased  to  be  a  factor  in  sus- 
taining the  ampHtude  of  the  heart  beats  and  the  lilood  pressure. 
When  this  occurs,  due  to  an  insufficient  dose  of  adrenalin,  a  sec- 
ond small  dose  will  restore  the  circulation  to  its  former  condition 
and  sustain  blood  pressure  until  the  toxic  effects  of  the  apothesine 
are  gone,  and  the  dog  will  remain  in  <jood  condition. 


Fig.    4.      A,    Injection    of   0.32    gram   apothesine   and   O.OOOUl    gram   adrenalin.     B, 
Injection   of   0.00001  gram  adrenalin. 


The  tracings  shown  are  those  typical  of  apothesine,  of  adrenalin, 
and  of  the  resulting  effects  from  judicious  mixtures  of  the  two : 
The  dose  of  adrenalin  which  raises  the  blood  pressure  of  a  dog 
is  0.00001  gram  or  1  cc  of  adrenalin  chloride  1 :100,000,  a  dose 
varying  not  so  much  with  the  weight  of  the  dog  as  with  the  con- 
dition of  the  circulatory  system.  A  dose  ten  times  as  great  has 
a  much  more  pronounced  effect  but  not  serious.  From  a  mixture 
of  the  two  intravenously  administered  and  with  a  subsequent  dose 
of  adrenalin  if  necessary,  blood  pressure  and  heart  action  can  be 


226 

so  controlled  that  no  serious  results  follow  the  administration  of  a 
dose  of  apothesine  which  without  the  adrenalin  would  have  been 
fatal  within  a  short  time. 

The  simultaneous  administration  of  adrenalin  with  apothesine, 
as  with  cocaine  and  novocaine,  is  not  for  any  purpose  other  than 
to  localize  and  intensify  the  anesthetic  action,  since  its  stimulating 
action  on  the  heart  and  vessels  is  obtained  promptly  only  by  intra- 
venous injection.  But  the  antidotal  effect  is  indirectly  effective 
even  from  the  subcutaneous  administration  because  adrenalin  pre- 
vents general  absorption  of  the  anesthetic  and  by  intensifying  the 
action  of  the  apothesine  makes  large  doses  unnecessary. 

The  value  of  adrenaHn,  therefore,  for  both  purposes,  to  limit 
absorption  and  to  sustain  the  heart,  is  due  to  its  characteristic 
properties  of  constricting  the  blood-vessels  and  acting  as  a  prompt 
and  powerful  cardiac  tonic. 

Note. — At  the  request  of  the  publishers  the  original  tracings  are  re- 
placed by  line  drawings  to  obtain  better  reproductions. 
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CRAMP  BARK,  HIGHBUSH  CRANBERRY. 

An   Interesting   Explanation   on   the  Substitution   of  Maple  Bark   for 

Viburnum. 

Bv  Oliver  .\.  I^'.vkwkli..  Detroit,  Mich. 

Since  it  was  shown  in  1913  that  the  commercial  bark,  known 
as  Cramp  Bark,  was  derived  from  Acer  spicafiim  Lam.,  there  has 
been  considerable  discussion  as  to  when  the  substitution  of  this 
bark  for  that  of  the  Vibunimii  Atncricanuni  Mill,  actually  took 
place,  and  to  which  of  these  species  the  name  Cramp  Bark  should 
be  restricted.  In  my  paper  published  in  the  Bulletin  of  Pharmacy 
in  1913,  I  showed  that  Maple  Bark  was  the  commercial  Cramp 
Bark  of  the  early  nineties  and  that  it  was  this  Maple  Bark  that 
was  described  in  the  U.  S.  P.  Vll.  It  is  certain  that  Maple  Bark 
was  being  collected  as  Cramp  Bark  for  at  least  20  years  prior  to 
that  date  for  commercial  manufacturing  purposes.  It  has  been 
claimed  that  true  Viburnum  Opulus  was  collected  and  used  by 
the  early  eclectics,  that  is,  from  Viburnum  Americanum  Mill.  But 
on  the  other  hand,  it  seems  most  probable  to  me,  from  the  evi- 
dence I  have  been  able  to  gather,  that  the  bark  gathered  in  large 
quantities  for  the  commercial  drug  markets  always  has  been 
Maple  Bark ;  consequently,  as  no  Viburnum  Americanum  bark 
was  ever  gathered  commercially  for  commercial  purposes,  no  sub- 
stitution ever  took  place.  The  use  of  Maple  Bark  as  Cramp  Bark 
was  the  result  of  a  mistaken  identification  by  some  one  right  at 
the  start  of  its  commercial  history.  Probably  both  manufacturers 
and  collectors  were  guided  by  a  more  or  less  imperfect  description 
of  the  bark  desired  and  without  authentic  samples  for  compari- 
son. Externally  the  barks  of  Mountain  Maple  and  of  Highbush 
Cranberry  bear  a  strong  resemblance  one  to  the  other.  Hence, 
the  Maple  being  far  more  plentiful  and  answering  very  well  to 
the  description  in  hand,  it  was  gathered  and  accepted  from  the 
very  beginning  by  all  concerned  and  without  question  as  to  the 
true  Cramp  Bark.  This  condition  was  continued  without  ques- 
tion down  to  1913.  The  name,  of  course,  originated  in  Europe 
where  it  was  adopted  for  the  bark  of  the  European   Viburnum, 
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Ofiilns  Lin.  because  it  was  used  in  the  treatment  of  cramps. 
\\'hether  or  not  the  bark  of  the  European  shrub  was  ever  im- 
ported I  am  unable  to  say.  In  1912,  the  only  Cramp  Bark  on  the 
European  druij  market  was  of  American  origin  and  mostly  Maple 
Bark,  but  in  some  instances  it  was  Black  Haw,  Vihurnuin  Pruni- 
foUnm  Linn.  Viburnum  Amcricanum  Mill,  is  known  throughout 
its  region  of  growth  most  generally  under  the  name  of  Highbush 
Cranberry  and  has  been  marketed  under  this  name.  The  name 
"Cramp  Bark,"  I  believe,  the  Federal  Pure  Food  and  Drug  author- 
ities have  ruled  should  be  considered  as  applying  to  the  bark  of 
the  Viburnum  Opulus.  \  custom  of  50  years  standing  will  be 
difficult  to  eradicate,  and  for  a  long  time  to  come  the  use  of  the 
name  Cramp  Bark  in  the  commercial  world,  as  consequence  of 
the  above  ruling,  will  lead  to  a  large  amount  of  confusion  and 
probably  of  financial  loss  to  many;  in  view  of  this  fact,  I  feel 
emboldened  to  express  my  individual  opinion  that  there  would 
have  been  less  confusion  and  that  all  interests  would  have  been 
equally  well  conserved  if  the  name  Cramp  Bark  should  have  been 
retained  for  Acer  spicatmn  Lam.  and  if  the  name  Highbush  Cran- 
berry should  have  been  adopted  for  the  Viburnum  Americanuin 
Mill.  Use  determines  the  application  of  a  name,  and  50  years 
should  be  sufficient  to  determine  its  permanent  application.  Most 
names  sooner  or  later  lose  the  original  meaning  appertaining  to 
them.     Tempora  niutantur,  et  nos  mutamur  in  illis. 

I  wish  to  thank  Mr.  John  Uri  Lloyd  for  hearty  encourage- 
ment and  for  samples  of  Viburnum  Americanum  bark  represent- 
ing a  drug  used  by  his  establishment  in  the  early  seventies.  I 
have  been  vinable  to  obtain  samples  of  drug  used  in  the  sixties. 

A  letter  from  Mr.  Lloyd  bearing  upon  the  subject  I  am  sure 
will  be  of  interest  to  all,  and  T  herewith  print  it  with  his  permis- 
sion. 

Cincinnati,  Jan.  2U,  1910. 
Dr.  Oliver  A.  Farwell, 

c/o  Parke,  Davis  &  Co., 
Detroit,  Mich. 
My  dear  Dr.  Farwell : — 

In  reply  to  your  letter  of  Jan.  22nd  I  will  say  that  the  burning 
of  our  laboratory,  about  twenty-five  years  ago,  destroyed  most 
of  my  specimens  accumulated  to  that  date.  I  was  in  hopes,  how- 
ever, that  I  could  put  my  hand  on  a  specimen  of  Cramp  Bark 
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gathered  in  the  early  day,  before  the  introduction  of  the  proprie- 
tary medicines  which  made  the  demand  for  Cramp  Bark  in  the 
American  drug  market,  and  in  my  opinion  led  to  the  introduction 
of  Maple  Bark.  Let  us  not,  however,  neglect  that  possibly  both 
barks  were  once  used  under  the  name  "Cramp  Bark,"  although 
I  have  no  record  of  ]\Iaple  Bark  ever  having  been  given  that 
common  name,  or  used  in  domestic  medicine  in  the  field  Viburnum 
opulus  occupies. 

It  may  interest  you  to  have  from  me  a  description  of  the  meth- 
ods that  an  establishment  like  ours  employed,  fifty  and  sixty  years 
ago,  to  obtain  their  crude  materials.  At  that  date  Cincinnati  was 
the  headquarters  for  botanical  drugs,  it  being  the  headquarters  for 
the  Eclectic  school  in  medicine,  the  members  of  which  give  their 
particular  attention  to  botanical  drugs. 

Such  men  as  Dr.  John  King,  by  correspondence  with  physicians 
over  the  country,  learned  the  locations  of  the  drugs  they  needed, 
and  employed  physicians  to  oversee  their  collection.  These  were 
unquestionably  all  true  to  name,  for  both  the  physician  and  such 
men  as  Dr.  King,  who  used  the  drugs  in  making  his  home-made 
samples,  were  very  careful  regarding  the  authenticity  of  the  crude 
material. 

In  this  connection  I  will  state  that  preceding  the  day  I  have 
mentioned  such  enthusiastic  herbalists  as  Samuel  Thomson  traveled 
the  country  over  to  collect  drugs  in  their  natural  locations.  You 
will  find  in  the  narrative  of  his  life,  Thomson  refers  to  the  fact 
that  he  traveled  to  a  distant  part  of  New  England  for  the  pur- 
pose of  collecting  Ceanothus  Americana,  or  as  he  called  it,  "Red 
root,"  which  was  not  found  in  his  New  England  neighborhood. 

Viburnum  opulus,  under  the  name  Cramp  Bark,  was  the  only 
Virburnum  used  in  medicine  when  I  entered  the  field,  and  I  will 
add  the  only  Cramp  Bark  used  in  medicine  at  that  date.  It  was 
a  favorite  of  Dr.  King  and  others,  the  bark  that  came  into  the 
hands  of  our  establishment  being  gathered  in  New  England,  under 
the  direction  of  physicians  who  supplied  it,  not  for  profit,  but  as 
an  accommodation  to  the  profession  at  large.  Viburnum  opulus 
not  being  native  to  our  section  of  the  country.  It  may  interest  you 
to  know  that  preceding  your  admirable  paper  showing  that  the 
Maple  was  used  as  Cramp  Bark,  I  was  aware  that  something  had 
been  substituted,  different  from  the  old  Cramp  Bark  and  at  that 
very  date  was  paying  $1.25  a  pound  for  Viburnum  opulus  when 
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the  market  was  flooded  with  Cramp  Bark  under  the  name  "Cramp 
Hark"  at  12c  a  jMiund  Not  one  word  did  I  say  concerning  the 
subject,  because  in  the  multii")hcitv  of  my  duties  I  did  not  reach 
that  problem,  nor  have  I  said  anything  since  regarding  the  exces- 
sive price  we  were  forced  to  ])ay  to  obtain  the  true  Cramp  Bark, 
which  we  obtained  in  the  old-fashioned  method,  from  collectors 
in  whom  we  had  confidence.  I  am  sending  you  herewith  a  few 
samples  of  the  drug  under  consideration,  none  of  which,  however, 
antedated  1870. 

Be  it  known  that  the  great  demand  for  Cramp  Bark  in  the 
market  arose  after  Viburnum  Cordial  and  pro])rietary  compounds 
were  advertised  to  the  profession,  as  well  as  to  the  people.  In  my 
opinion  it  would  have  been  practically  impossible,  at  those  dates, 
at  any  reasonable  price,  to  have  obtained  enough  Virburnum 
opulus  to  have  supplied  these  specialists'  demands,  and  in  my 
opinion  the  specialists  themselves,  as  well  perhaps  as  the  collectors, 
in  good  faith  accepted  that  the  material  used  by  them  was  the 
Cramp  Bark  of  old. 

Possibly  my  remarks  have  not  been  discursively  exact  enough 
for  your  purpose,  but  at  least  I  believe  you  can  catch  from  what 
I  have  said  that  in  the  early  date  there  was  no  question  about  the 
authenticity  of  Cramp  Bark,  which  was  surely  Viburnum  opulus. 
In  conclusion  I  will  state  that  I  have  not  yet  given  up  my  search 
for  a  s])ecimen  of  our  Cramp  Bark  preceding  1870,  and  shall  not, 
because  occasionally  the  unexpected  happens,  from  unlooked  for 
sources.  From  this  you  will  perceive  that  in  my  opinion  you  are 
absolutely  correct  in  your  surmise  regarding  the  manner  in  which 
Acer  displaced  Viburnum,  under  the  name  Cramp  Bark,  but  again 
I  would  like  to  ask  you  to  bear  in  mind  that  possibly  Acer  was 
somewhere  known  as  Cramp  Bark,  and  used  under  the  name 
Cramp  Bark,  unbeknown  to  professional  print. 

And  now  I  will  thank  you  for  the  reprints  you  have  sent  me 
on  Brazilian  Jalap  and  other  botanical  problems.  These  I  shall 
read  with  great  care,  and  thank  you  herewith  for  the  op])ortunity, 
as  well  as  congratulate  us  all  on  the  interest  you  are  taking  in 
this  direction. 

With  my  kindest  regard  and  best  wishes,  I  am, 

Sincerely  yours, 

(Signed)     John  Uri  Lloyd. 
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PANICUM  LINEARE,  LINN. 

Bv  Oliver  A.  Farwell. 

(Department   "f   Botany.   Parke.    Davis  &  Co.,    Detroit,   Mich.) 

In  the  Species  Plantarum  Ed.  2,  Vol.  1,  p.  85,  1762,  Linnaeus 
publi.shed  Panicuiii  lincarc  as  a  new  species  with  the  following 
description:  "Panicum  spicis  digitatis  subquaternis  linearibus, 
flosculis  solitariis  secundis  niuticis.  Habitat  in  Indiis.  Culmi 
prostrati.  laeves,  ramosi.  Spiculae  lineares.  rectae,  angustae. 
P'lores  subtus  alterni.  Calycis  s(iuama  exterior  brevior,  patens, 
rachi  adherens." 

There  is  no  specimen  in  the  Linnaean  Herbarium  and  there  is 
no  reference  to  older  authors.  The  species  must  be  interpreted 
from  the  description  alone.  It  is  self-evident  from  the  diagnosis 
that  the  species  belongs  to  the  Digitaria  group.  It  can  not  be 
P.  Dactylon  Linn,  since  it  is  laeves  and  prostrate,  while  the  latter 
has  the  spikes  basi  interiore  villosis  and  the  plant  is  sarmentis 
rcpentibus;  it  cannot  be  P.  sanguinale  Linn,  or  P.  filiformc  Linn, 
since  in  these  the  flowers  are  in  pairs  while  in  P.  lineare  they  are 
placed  singly.  The  habitat  in  Indiis  may  mean  India  and  the  East 
Indies,  or  it  may  mean  in  both  the  East  and  West  Indies.  Lin- 
naeus used  it  both  ways,  I  believe,  but  in  the  present  instance  the 
presumption  is  that  he  meant  in  both  the  East  and  West  Indies 
since  in  the  Mantissa  TI  323,  1771,  he  refers  to  his  P.  lineare,  with- 
out comment,  the  P.  lineare  Burm.  Ind.  25,  t.  10,  f.  2.  and  the 
Gramen  Dactylon,  etc.,  Sloane,  hist.  1,  p.  113,  t.  70,  f.  3.  We  can 
not,  therefore,  neglect  a  study  of  the  West  Indian  species  in  en- 
deavoring to  ascertain  the  proper  application  of  the  Linnaean  name. 
Mr.  Hitchcock  in  Contributions  U.S.  Nat.  Herb.  XII,  pp.  134,  142 
and  209,  1908-9,  has  shown  that  the  Sloane  reference  belongs  to 
what  is  now  known  as  Synthcrisma  sctosa  (Desv.)  Nash  or  5". 
digitata  (Swz.)  A.  S.  Hitch.;  he  combines  under  the  latter  name 
two  forms  that  have  been  variously  considered  as  distinct  species 
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or  as  varieties  of  Paiiicuiii  sangulnalc  Linn.  Grisebach,  Flora  Br. 
W.  Ind.  ."ill.  ISiil.  has  described  these  West  Indian  forms  as 
pilose;  therefore,  they  can  scarcely  be  considered  as  belonging  to 
P.  lincarc  Linn,  which  was  described  as  lacvcs.  It  has  been  cus- 
tomary to  accept  Burmann's  Panicuui  lincarc  Fl.  Ind.  25,  pi.  10, 
fig.  2  (fig.  3  of  the  plate)  as  typifying  the  Linnaean  species,  but 
this  cannot  be  adhered  to  as  it  did  not  make  its  appearance  until 
6  years  after  Linnaeus  had  published  his  P .  lincarc.  Burmann  uses 
the  Linnaean  diagnostic  description  verbatim  and  the  references 
to  Sloane  mentioned  above,  with  the  added  remark :  "Specimina 
ex  India  missa  variant  spicis  saepe  binis  linaeribus  and  flosculis 
alternis.''  Since  Linnaeus  assisted  Burmann  in  the  preparation  of 
his  Flora  Indica.  the  above  phrase  seems  to  indicate  the  former 
thought  that  the  variable  specimens  from  India  were  not  typical  of 
his  P.  lineare  but  could  be  referred  to  it ;  also  it  may  be  considered 
as  more  evidence  that  the  original  habitat  "in  Indiis"  as  given  by 
Linnaeus  did  not  include  India  but  referred  more  especially  to 
the  East  and  West  Indian  Archipelagoes.  It  seems  probable  that 
fig.  2  (which  is  fig.  3  of  the  plate  due  to  a  transposition  of  the 
numbers)  represents  the  variable  plants  of  India  mentioned  in  the 
supplementary  paragraph.  Hooker.  Flora  Br.  India  VII,  289, 
180T,  refers  Burmann's  P.  lineare  to  Cynodon  Dactylon  (Linn.) 
Pers.  I  have  seen  specimens  of  the  latter  from  India  that  might 
be  said  to  be  fairly  well  represented  by  Burmann's  figure  if  it  may 
be  viewed  in  the  light  of  a  very  crude  drawing.  The  Index 
Kewensis,  Vol.  II,  415,  1895,  refers  it  to  Paspaluni  bremfolium 
Fluegge ;  but  Hooker,  1.  c,  18,  describes  this  .species  as  with  gem- 
inate flowers,  one  sessile  and  the  other  pedicelled,  which  is  at  wide 
variance  with  Burmann's  figure,  and  the  Linnaean  de.scription. 
The  Index  Kewensis  recognizes  Panicum  glahrum  Gaud,  as  a  valid 
species ;  also  P.  lineare  Linn,  as  a  valid  s])ecies  of  N.  America, 
but  I  am  unable  to  interpret  it. 

The  Linnaean  description  as  compared  with  modern  day  des- 
criptions is  rather  incomplete ;  in  so  far  as  it  goes,  however,  it  is 
characteristic  of  the  plant  that  has  generally  been  known  as  Pani- 
cum glahrum  Gaud.  Likewise,  by  the  process  of  eliminating  all 
related  species  which  it  cannot  possibly  be,  we  gradually  come  to 
the  same  species,  Panicum  glahrum  Gaud.  The  last  sentence  of 
the  Linnaean  descrij)tion  referring  to  the  exterior  glume  spread- 
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ing  and  adhering  to  the  rachis  is  not  always  apparent,  but  I  have 
seen  just  such  a  condition  in  some  specimens  of  Digifaria  hnmifusa 
collected  in  Michigan.  This  species  is  not  usually  accredited  to 
the  "Indies"  in  botanical  manuals,  but  Hooker,  1.  c.,  17,  gives  it  for 
the  Himalaya  Mts.  and  as  far  south  as  Simla,  and  the  Index 
Kew^ensis  to  North  Temperate  and  Tropical  regions.  Perhaps 
Linnaeus  was  misinformed  as  to  its  distribution,  and  as  happened 
in  other  cases  with  him,  gave  accordingly  a  wrong  habitat.  The 
more  important  synonyms  are  given  below. 

Digitaria  linearis  (Linn.)  Pers.  Syn.  1,  85,  1805;  Crep.  Man. 
ed.  2,  335,  1866.  Panicum  lin-caris  Linn.  Sp.  PI.  Ed.  2,  Vol.  1,  85, 
1762;  Burm.  Fl.  Ind.  25  pi.  10  fig.  2  (3),  1768;  Krock.  Fl.  Siles.  1, 
95,  1787.  Syntherisma  linearis  (Linn.)  Nash,  Bull.  Torr.  Bot. 
Club,  XXII,  420,  1895.  Panicum  Ischaemum  Schreb.  ex. 
Schweigg.  Spec.  Fl.  Erlang,  I,  16,  1804.  Digitaria  huinifusa  Pers., 
1.  c.  Paspalum  ambigunni  Lam.  and  D.  C,  Fl.  Fr.  Ill,  16,  1805. 
SyntJierisma  glahrum  Schrad.  Fl.  Germ.  163,  t.  3,  fig.  7,  1806. 

I  wish  to  thank  Dr.  Nieuwland  of  Notre  Dame  for  courtesies 
shown  me  in  connection  with  this  study. 


Studies    from    the   Medical    Research    Laboratories, 

Parke,  Davis  &  Co. 

Reprint   No.    219,    1919 

(Reprint    from    Journal   of   American    V'rtrrinary   Medical  Association,    Vol.    LV,    New 
Series.  Vol.  8.   No.   4.  July.    1019,  pp.   394-401.) 

BLACKLEG  AGGRESSIN.- 

Herbert  C.  Ward. 

(From  the   Medical    Rt.seareh    I>a1>oratories   of   I'arke.    Davis  &   Co.,   Detroit,   Michigan.) 

For  more  than  a  century  men  have  known  something  about  a 
disease  called  Blackleg.  Over  forty  years  ago  the  specific  agent 
was  discovered,  and  for  thirty  years  cattle  have  been  successfully 
protected  against  this  infectious  plague.  Before  practical  meth- 
ods of  immunity  were  discovered  tremendous  losses,  ranging  from 
5%  to  25%,  occurred  among  the  young  stock  in  certain  areas  of 
world-wide  distribution.  Vaccines  reduced  these  losses  to  1% 
and  even  less.  But  to  the  stockowner  as  certainly  as  to  the  public 
welfare  the  loss  of  even  1%  of  such  live  stock  wealth  is  still  a 
most  serious  economic  burden.  Therefore  we  understand  why 
men  have  been  stimulated  to  improve  their  methods  in  the  manu- 
facture of  an  ideal  vaccine.  The  crude  vaccines  of  the  past  have 
rendered  historical  service,  but  today  we  have  hope  of  greater 
efficiency  in  a  new  and  better  method. 

Attenuated  vaccines  were  made  both  from  diseased  tissues 
and  from  pure  cultures.  Their  protective  values  were  determined 
upon  tens  of  thousands  of  cattle  in  the  afflicted  districts,  as  well 
as  upon  experimental  animals  of  the  laboratory.  Naturally,  the 
most  successful  vaccines  became  more  and  more  extensively  em- 
ployed. But  failure  following  applications  in  their  use  were  con- 
tinually suggesting  the  need  of  an  improved  and  safer  protection. 
Vaccines  were  subject,  therefore,  to  new  processes  of  attenua- 
tion. Animals  were  injected  in  different  portions  of  the  body, 
and  efforts  were  made  to  improve  these  immunizing  substances. 

This  effort  to  secure  a  more  satisfactory  vaccine  has  brought 
us  to  the  present  consideration  of  a  group  of  blackleg  immunizing 
products  known  as  aggressins. 


'Paper  read  before  the  Southeastern  Michigan  Veterinary  Medical  Association. 
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Inquiry  as  to  the  exact  meaning  of  aggressin  informs  one  that 
this  term  has  he  en  used  to  express  a  theoretical  course  of  im- 
munity reaction  when  a  hacterial  exudate  is  injected  into  the 
Hving  body.  Bail  reported  that  exudates  from  infective  processes 
produced  an  active  immunity  against  the  original  excitant  of  the 
specific  disease.  His  further  observations  led  him  to  report  that 
the  leukocytes  were  inactive,  being  destroyed  or  held  back  by 
some  potent  force  in  the  exudate ;  so  that  in  the  absence  of  these 
cells  the  blackleg  or  other  bacilli  were  able  to  rapidly  multiply 
and  complete  for  that  animal  the  course  of  a  natural  infection. 
According  to  his  opinion,  then,  this  potent  force  in  bacterial 
exudate  is  active,  offensive,  destroying  somewhat  the  resident 
defenses  of  the  body.  This  action  is  due  to  some  toxic  substance 
produced  by  the  blackleg  organism  as  it  develops  in  the  tissues  dur- 
ing infection.  Because  these  exudates  possess  this  aggressive 
power  they  have  been  popularly  termed  aggressins. 

Let  us  take,  therefore,  a  small  amount  of  the  exudate  from 
the  muscle  of  a  bovine  dead  of  blackleg  in  the  field  and  inject 
this  into  a  healthy  animal.  What  happens?  The  aggressin  clears 
the  way  for  a  free,  unrestrained  development  of  the  blackleg 
organism  and  the  animal  sinks  before  the  onslaught  of  an  acute 
infection. 

When  we  remove  the  living  virus,  filtering  out  the  spores  and 
bacilli  from  this  exudate,  no  such  infection  develops,  no  local 
or  general  reaction  occurs.  Therefore  if  toxic  principles  are  pro- 
duced, they  exist  only  in  physiological  proportions.  Exposing  a 
treated  animal  later  to  blackleg  virus  no  infection  follows  in  the 
presence  of  an  active  immunity.  For  a  short  and  rather  indefi- 
nite period  following  treatment  with  this  germ- free  exudate,  or 
aggressin,  calves  become  highly  sensitive  to  blackleg  infection, 
and  if  exposed  to  a  natural  infection  or  to  experimental  virus 
will  die  as  though  untreated.  This  hyi)ersensitive  condition  passes 
away  in  a  few  days,  and  it  is  then  practically  impossible  to  pro- 
duce blackleg  with  even  a  double  dose  of  experimental  virus. 

Repeated  demonstration  of  the  practical  truth  of  these  results 
underHes  our  success  in  immunizing  susceptible  animals  with 
blackleg  aggressin. 

Aggressins  were  first  used  experimentally  on  laboratory  ani- 
mals by  Bail  and  were  obtained  by  pipetting  off  the  peritoneal 
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exudate  from  his  infected  animals.  Schobl,  acting  on  Bail's  sug- 
gestive work,  first  experimented  with  blackleg  aggressin  on  guinea 
pigs.  To  secure  his  exudates  he  injected  guinea  pigs  subcutane- 
ously  and  at  the  climax  of  the  infection  withdrew  the  tissue  juice, 
centrifuged  it,  and  shook  with  toluol.  The  clear  liquid  was  then 
tested  free  of  bacteria.  This  immunized  guinea  pigs  against  a 
virus  successfully  after  a  ten-day  period. 

For  large  amounts  of  aggressin  he  injected  a  calf  with  black- 
leg tissue  virus  and  obtained  the  edematous  extract.  This  was 
then  centrifuged  clear  and  preserved  with  toluol.  After  filtration 
through  Berkefeld  it  was  proved  to  be  germ-free  by  both  cultural 
and  animal  tests. 

More  recently  R.  A.  Kelser  reported  his  method  of  manu- 
facturing blackleg  aggressin.  Animals  received  muscle  virus 
intramuscularly,  and  following  death  the  edematous  fluid  and  af- 
fected muscle  tissues  were  collected,  mixed,  and  ground  up.  This 
mixture  was  then  frozen  and  left  for  a  few  hours,  after  which 
thawing  was  facilitated  and  the  filtrate  obtained  by  pressing  and 
filtering.  His  product  was  found  to  possess  the  same  immunizing 
properties  as  discovered  by  Schobl. 

The  commercial  processes  of  manufacturing  wholesale  amounts 
of  blackleg  aggressin  vary  only  in  mechanical  details.  Suscep- 
tible animals  are  subjected  to  fatal  artificial  infection  with  muscle 
virus  or  cultures.  A  few  hours  after  death  the  hair  and  hide  are 
removed,  the  edematous  juices  collected,  and  the  affected  muscle 
tissues  excised  and  pressed  until  all  the  liquid  has  been  obtained. 
This  is  filtered  and  preserved  until  free  of  all  viable  cells  and 
spores.  After  double  testing  by  sterility  and  safety  trials  this 
filtrate  is  delivered  to  the  market  as  germ-free  blackleg  aggressin. 

When  we  seek  for  a  demonstration  of  the  protective  value 
of  blackleg  aggressin  it  can  be  found  in  the  report  of  Schobl,  who 
used  successfully  both  guinea  pigs  and  calves.  His  results  are 
quoted  in  the  following  Table  No.  1. 
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Table  No.  1. 
aggressin  immunity  tests  by  o.  schobl. 


Animal  Croups 

Aftgressin 

Time  Before 

Infection  With 

Results 

0.5  mil 

0.5  mil 

1.0  mil 

1.0  mil 

0 

0 

1.0  mil 

1.0  mil 

0 

0 

0.5  mil 

0.5  mil 

0.5  mil 

0 

0 

0.5  mil...    . 
0.5  mil 

0 

0 

0.5  mil..    .  . 
0.5  mil 

0 

0 

1.5mil 

0 
0 

5.0  mil..    .. 

7.0  mil 

0 

0-     

0        

2  days 

4  days.  ■. 

6  days 

10  days 

21  days 





51  days 

10  weeks 

2  weeks 

B.  S 

Died 

•) 

1 

Died 

2 

3 

„ 

4 

« 

„ 

1 

Lived 

2 

3 

.. 

Died 

4      . . 

„ 

1 

Lived 

2 

3 

« 

4 

., 

Died 

5 

,, 

1 

2 

3 

Exudate 

Lived 
Lived 

Died 

4 

1 

2 

3    .  .    .  J. . 

Died 

4 

,< 

.. 

1 

2.-. 

3 

Meat 

Lived 

Died 

Heifers  No.  4 

5 

6 

Meat  Virus 

Lived 

* 

*Died  from  acute  infection. 


His  study  showed  that  animals  were  not  protected  immedi- 
ately following  aggressin  injection.  After  three  days  a  develop- 
mental immunity  was  established  and  remained  active  as  long  as 
the  tests  were  continued. 

Kelser  failed  to  demonstrate  satisfactorily  immunity  values 
when  he  used  guinea  pigs,  but  his  results  with  calves  were  excel- 
lent, and  are  quoted  in  the  following  table. 
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Table  No.  2. 


Animal 

Aggressin 

Time  Before 

Injection  With 

Results 

Calf  No.  1 

2 

"        3 

5  mils 

5  mils 

0        

0        

0        

0        

5  mils 

5  mils 

0        

0        

0       

0       

14  days 

5^  months 

Muscle  virus 

Lived 

Died 

"        4 

., 

"        5 

„ 

« 

6 

.< 

« 

1 

2 

3 

Muscle  virus 

Lived 

Died 

"        4 

« 

"        5 

« 

" 

6 



" 

These  findings  indicate  perfect  protection  and  permanency  of 
the  acquired  immunity.  It  is  important  to  call  attention  to  the 
fact  that  the  treated  animals  were  not  infected  until  after  a 
period  of  fourteen  days. 

With  the  suggestive  results  already  reported  in  mind,  we 
applied  the  same  kind  of  tests  ujxm  blackleg  aggressin  as  it  is 
being  placed  on  the  market  today.  The  following  tables  repre- 
sent the  results  of  our  experimental  studies. 

A  few  animals  died  from  mixed  infections  and  in  all  such 
sets*  duplicate  trials  were  made  with  satisfactory  results.  Care- 
ful checks  were  made  of  every  animal  dying  under  tests.  The 
results  (Table  3)  constitute,  therefore,  a  demonstration  of  the  pro- 
tective value  of  blackleg  aggressin  against  blackleg  experiment- 
ally produced  in  guinea  pigs.  This  protection  did  not  appear  to 
have  developed  until  the  third  day. 

Before  proceeding  to  the  test  on  bovines  it  was  necessary  to 
gauge  as  near  as  possible  the  cultural  virus  and  in  order  to  demon- 
strate viable  pathogens  in  the  culture  virus  recourse  was  had  to 
subjecting  guinea  pigs  to  graded  doses.  The  results  of  such  a 
titration  are  to  be  seen  in  Table  4.  All  animals  were  posted 
and  the  purity  of  the  virus  established  microscopically  and  cul- 
turally. 

Both  strains  of  the  blackleg  virus  were  active,  therefore,  in 
doses  of  0.1  mil  or  less  for  guinea  pigs. 
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Table  No.  3. 


1 

Animal 

Dosage 

Time  Before 

Infection  With 

Results 

Guinea 

Pii;  1 

2 

3 

1 

2 

3 

1    

1.  mil 

1.  mil 

Control .... 

1  mil 

1  mil 

Control .... 

1  mil 

1  mil 

Control .... 

1  mil 

1  mil 

Control .... 

1  mil 

1  mil 

Control .... 

1  mil....... 

1  mil 

Control .... 

1  mil 

1  mil 

Control .... 

1  mil 

1  mil 

Control .... 

1  mil 

1  mil 

Control .... 

1  day 

Muscle  virus  No.  4 
M.virusalsoculture 

Lived 
Lived 
Lived 
Lived 
Lived 
Lived 
Lived 
Lived 
Lived 

Died 

" 

2  days 

3  days 

4  days 

6  days 

7  days 

8  days 

10  days 

12  days 

Died 

" 

2 

3 

1 

2 

3 

Died 
Died 

" 

1 

2 

3 

Died 

„ 

1 

2* 

3 

Died 

„ 

1 

2* 

3 

Died 

^ 

1 

2 

Died 

3 

„ 

1* 

2* 

3 

Died 

Table  No.  4. 


Animal  No.  1 
Animal  No.  2 
Animal  No.  3 
Animal  No.  4 

Animal  No.  1 
Animal  No.  2 
Animal  No.  3 
Animal  No.  4 
Animal  No.  5 
Animal  No.  6 


VIRUS  No.  7  TITRATION 

Rec.  Subc 1.0  mil Virus  No.  7 Dead  in  18  hours 

Rec.  Subc 0.5  mil Virus  No.  7 Dead  in  18  hours 

Rec.  Subc 0.2  mil Virus  No.  7 Dead  in  18  hours 

Rec.  Subc 0.1  mil Virus  No.  7 Dead  in  18  hours 

VIRUS  No.  3  TITRATION 

Rec.  Subc 1.0    mil Virus  No.  3 Dead  in  16  hours 

Rec.  Subc 0.5    mil Virus  No.  3 Dead  in  16  hours 

Rec.  Subc 0.1    mil Virus  No.  3 Dead  in  32  hours 

Rec.  Subc 0,05  mil Virus  No.  3 Dead  in  38  hours 

Rec.  Subc 0,01  mil Virus  No.  3 Sick  (?) 

Rec.  Subc 0.01  mil Virus  No.  3 Sick  (?) 
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Such  a  titration  was  used  as  a  guide  by  which  tlie  dosage  for 
bovines  could  be  determined.  The  final  dosage  was  set  at  5  mils 
and  used  as  stated  in  the  following  tables.  Virus  No.  7  was  used 
on  the  first  three  heifers,  Table  No.  5,  and  Virus  No.  3  on  the 
last  three,  Table  No.  6. 

Table  No.  5. 

AGGRESSIN   IMMUNITY  TESTS   ON    BOVINES. 


Heifer 

Immunized 

Method 

Aggressin 

Inoculated 

Method 

Virus 

1 

Result 

No.  1.... 
No.  2.... 
No.  3.... 

2-5-19 

Subc. 

10.0 
5.0 
0.0 

2-19-19 

Subc. 

5.0 
5.0 
5.0 

Lived 
1      Died 

1          " 

Heifer  No.  1. — No  reaction  local  or  general. 

Alive  and  in  good  condition,  April  1st. 
Heifer  No.  2. — After  24  hours  temp,  normal,  but  local  swelling. 

After  36  hr.  temp,  subnormal,  swelling  developing. 

Dead  in  40  hours.     P.  M.     Typical  Blackleg. 

The  aggressin  injections  were  made  subcutaneously  in  front 
of  the  shoulder.  X'irus  injections  were  made  subcutaneously  in 
the  right  leg. 

Table  No.  6. 
aggressin  immunity  tests  on  bovines. 


Heifer 

Immunized 

Method      Aggressin 

Inoculated       Method         Virus     \     Result 

No.  4.... 
No.  5.... 
No.  6.... 

2-5-19 

Subc.           10.0 
5.0 
0.0 

3-8-19            Subc.             4.0             Lived 
4.0             Died 
0.0 

Heifer  No.  4. — No  reaction  local  or  general.. 

Alive  and  in  good  condition  April  1st. 
Heifer  No.  5. — After  24  hours,  temperature  normal,  but  local  swelling. 

After  36  hours,  temperature  normal,  but  quarter  swelling. 

Dead  in  40  hours.     Post  mortem — typical  blackleg. 
Heifer  No.  6. — After  18  hours,  temperature  subnormal,  swelling  extensive 

Dead  in  24  hours.     Post  mortem — typical  biackleg. 

The  results  thus  obtained  from  the  most  recent  experiments 
show  clearly  the  protective  value  of  aggressin  against  highly 
active  blackleg  virus.  The  virus  dose  proved  to  be  altogether  too 
high  in  spite  of  the  attempt  to  gauge  its  virulence.  There  was 
no  question  but  that  the  low  aggressin  animals  possessed  a  posi- 
tive degree  of  immunity.  Careful  post-mortem  studies  demon- 
strated that  the  infection  was  much  less  extensive  as  compared 
with  the  control  infection,  amounting  to  about  one-fourth  that  of 
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the  unprotected  animal.  In  addition,  cultures  were  obtained  from 
every  portion  of  the  body  in  the  normal  lieifers,  but  only  from 
the  original  site  of  injection  in  the  aggressin  heifers.  Likewise, 
the  controls  all  died  early  and  symptoms  were  more  typical.  In 
view  of  the  consistency  of  the  clinical,  cultural  and  pathological 
pictures,  the  conviction  is  firmly  accepted  that  a  lethal  dosage 
would  have  demonstrated  perfect  immunity  in  all  grades  of  pro- 
tected animals. 

Encouraging  reports  are  rapidly  accumulating  in  the  practical 
field,  giving  to  the  experimental  studies  a  new  meaning  and  stimu- 
lating research  effort  like  mental  aggressins — making  way  for 
success. 


Studies   from    the    Medical    Research    Laboratories, 

Parke,  Davis   &  Co. 

Reprint  No.    220,    1919 

(Reprint    from   Journal   of  American    Veterinary    Medical   Association,    Vol.    LV,    New 
Series,  Vol.  8,  No.  4,  July,  1919,  pp.  416-423.) 

STUDIES  ON  ANTHELMINTICS. 

I.  EXPERIMENTS  WITH  REPE.ATED  DOSES  OF 
OIL  OF  CHENOPODIUM. 

MAiKicii  C.  H.\LL,  Ph.  D..  D.  V.  M. 

(•Parasitologist,    Medical    Research    Laboratories,    Parke,    Davis    &    Co.,    Detroit,    Mich.) 

The  superiority  of  oil  of  chenopodium  as  an  ascaricide  to  other 
ascaricidal  anthehnintics,  when  suitable  doses  of  the  involved  drugs 
are  compared,  has  been  experimentally  established  for  the  dog 
by  the  work  of  Hall  and  Foster  in  the  Bureau  of  Animal  Indus- 
try, and  of  Hall  in  this  laboratory,  for  swine  by  Hall  and  Foster 
(most  of  the  work  on  swine  was  done  by  Foster),  and  has  been 
clinically  established  in  the  case  of  man  by  numerous  observa- 
tions of  physicians  here  and  in  the  tropics.  In  the  case  of  the 
ascarid  of  the  horse,  Hall,  Wilson  and  Wigdor  found  chenopodium 
superior  to  most  of  the  drugs  commonly  used,  and  work  by  Hall, 
Smead  and  Wolf,  to  be  published  in  a  paper  in  this  series,  shows 
carbon  bisulphid  superior  to  chenopodium. 

The  therapeutic  dose  of  oil  of  chenopodium  for  removing 
ascarids  from  dogs  has  been  found  by  the  writer  to  be  0.1  m.  p.  k. 
(mil  per  kilo).  In  this  dosage,  experiments  on  dogs  indicate  that 
it  is  inferior  to  chloroform  in  single  therapeutic  dose  of  0.2-0.3 
ni.  p.  k.  in  removing  hookworms.  In  human  medicine,  it  has  been 
found  necessary  to  give  chenopodium  in  repeated  doses,  usually 
at  hour  intervals,  in  order  to  remove  hookworms,  and  even  r.nder 
such  conditions,  several  treatments  are  not  infrequently  necessary. 
To  determine  the  method  in  which  chenopodium  could  be  suc- 
cessfullv  employed  against  the  hookworm  in  the  dog  and  to 
secure  further  data  as  to  the  anthelmintic  action  of  this  drug, 
the  following  experiments  were  performed : 


•Resigned  March  27,  1919. 
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Cliciiopodiuui-  i)i  Doses  Repeated  Over  a  Number  of  Days. 

Dog  No.  153,  weighing  16  kilos,  was  given  2  minims  of  cheno- 
podium  in  1  dram  of  castor  oil  daily  for  a  total  of  12  treatments 
in  13  days.  The  dog  had  distemper  and  died  2  days  after  the  last 
treatment.  No  worms  were  passed.  There  were  7  whipworms 
postmortem.  Treatment  was  therefore  0  percent  effective  against 
whipworms. 

Dog  No.  158,  weighing  16  kilos,  was  given  the  same  treatment 
daily  for  a  total  of  17  treatments  in  20  days,  and  killed  the  day 
after  the  last  treatment.  The  dog  passed  no  worms  and  had  6 
whipworms  postmortem.     Efficacy  against  whipworms,  0  percent. 

Dog  No.  152,  weighing  12  kilos,  was  given  the  same  treatment 
daily  for  a  total  of  18  treatments  in  20  days,  and  killed  3  days 
after  the  last  treatment.  The  dog  passed  1  hookworm  on  the 
twelfth  day  after  beginning  treatment.  It  had  14  Dipylidium 
postmortem.  Efficacy  against  hookworms,  100  per  cent ;  against 
Dipylidium,  0  per  cent. 

Dog  No.  154,  weighing  15  kilos,  was  given  the  same  treatment 
for  a  total  of  18  treatments  in  20  days,  and  killed  3  days  after 
the  last  treatment.  Through  the  8  days  after  the  first  treatment, 
the  dog  passed  a  total  of  8  hookworms  and  none  thereafter.  Post- 
mortem it  had  7  hookworms  and  41  Dipylidium.  Efficacy  against 
hookworms,  53  per  cent ;  against  DipyUditnn,  0  percent.  It  is 
remarkable  that  over  half  of  the  hookworms  should  yield  to  7 
treatments  and  the  remainder  resist  a  total  of  18  treatments,  but 
this  is  in  keeping  with  the  difficulties  and  uncertainties  of  hook- 
worm treatments  as  shown  in  numerous  other  experiments. 

Dog  No.  155,  weighing  9.5  kilos,  was  given  the  same  treatment 
for  a  total  of  18  treatments  in  20  days,  and  was  killed  3  days 
later.  In  the  first  3  days  after  the  first  treatment,  the  dog  passed 
2  hookworms  and  1  was  found  in  the  large  intestine  postmortem. 
The  dog  had  2  other  hookworms,  19  whipworms  and  3  Dipylid- 
ium postmortem.  Efficacy  against  hookworms,  60  percent ; 
against  whipworms  and  Dipylidium,  0  percent.  This  shows  the 
same  peculiarities  as  regards  the  resistance  of  individual  hook- 
worms to  treatment. 

Dog  No.  156,  weighing  9  kilos,  was  given  the  same  treatment 
for  a  total  of  18  treatments  in  20  days,  and  killed  3  days  later. 
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The  second  day  after  the  first  treatment,  the  dog  passed  1  ascarid. 
No  worms  were  found  postmortem.  Efficacy  against  ascarids,^ 
100  percent. 

Dog  No.  157.  weighing  12  kilos,  was  given  the  same  treatment 
for  a  total  of  19  treatments  in  23  days,  and  killed  1  day  later. 
The  ninth  day  after  the  first  treatment,  the  dog  passed  1  whip- 
worm. The  dog  had  IH  whipworms  postmortem.  Efficacy  against 
whipworms,  6  percent. 

Dog  No.  159,  weighing  14  kilos,  was  given  the  same  treatment 
for  a  total  of  19  treatments  in  23  days,  and  killed  1  day  later. 
The  dog  passed  no  worms  and  had  1  Dipylldium  postmortem. 
Efficacy  against  Dipylidium,  0  percent.  The  preliminary  fecal 
examination  of  this  dog  showed  fluke  eggs ;  no  flukes  were  detected 
in  the  daily  examination  of  the  feces  or  postmortem.  However, 
these  flukes,  a  species  of  Alaria  {Hcmistonium),  are  very  small, 
not  difficult  to  detect  postmortem,  hut  likely  to  be  destroyed  in 
feces  and  unrecognizable,  and  it  is  likely  that  the  treatment  re- 
moved them. 

Dog  No.  162,  weighing  12.75  kilos,  was  given  5  minims  of 
oil  of  chenopodium  in  the  soft,  or  soluble  elastic,  capsule,  fol- 
lowed immediately  by  2  drams  of  castor  oil,  daily,  for  a  total  of 
12  doses  in  13  days,  and  was  killed  5  days  later.  The  second  day 
after  the  first  treatment,  the  dog  passed  1  whipworm.  It  had 
2  Dipylidium  postmortem.  Efficacy  against  whipworms,  100  per- 
cent ;  against  Dipylidium,  0  percent. 

Dog  No.  163,  weighing  15  kilos,  was  given  the  same  treatment 
for  a  total  of  12  treatments  in  13  days,  and  was  killed  5  days 
later.  The  third  day  after  the  first  treatment,  the  dog  passed  1 
hookworm,  and  1  Dipylidium  was  found  in  the  cecum  postmortem. 
There  were  97  other  Dipylidium  postmortem.  Efficacy  against 
hookworms,  100  percent;  against  Dipylidium,  1  percent. 

Dog  No.  164,  weighing  15  kilos,  was  given  the  same  treatment 
for  a  total  of  12  treatments  in  13  days,  and  was  killed  5  days 
later.  The  second  day  after  the  first  treatment,  the  dog  passed  1 
hookworm.  It  had  3  Dipylidium,  postmortem.  Efficacy  against 
hookworms,  100  percent;  against  Dipylidium,  0  percent. 

Dog  No.  165,  weighing  14.5  kilos,  was  given  the  same  treatment 
for  a  total  of  12  treatments  in  13  days,  and  was  killed  2  days 
later.     The  fifth  day  after  the  first  treatment,  the  dog  passed  1 
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whijnvorni.  It  had  T  whipworms  and  5  DipylidiMii  postmortem. 
Efficacy  aijainst  wliipworm,  13  percent;  a.ijainst  Dipylidium,  0 
percent. 

Dog  No.  I(i().  wei<(hin<,f  12  kilos,  was  j^iven  the  same  treatment 
for  a  total  of  12  treatments  in  13  days,  and  was  killed  2  days 
later.  In  the  .")  days  after  the  first  treatment,  the  dog  passed  29 
ascarids.  and  in  the  3  days  after  the  tirst  treatment,  passed  24 
Dipylidiut)i.  It  had  1  whipworm  postmortem.  Efficacy  against 
ascarids  and  Dipylidinui,  100  ]:)ercent ;  against  whipworms,  0  per- 
cent. 

Dog  No.  167,  weighing  14.5  kilos,  was  given  12  treatments  in 
13  days,  and  was  killed  2  days  later.  In  the  2  days  after  the  first 
treatment  it  passed  2  ascarids,  and  in  the  11  days  after  the  first 
treatment  it  passed  54  whipworms.  It  had  12  whipworms  and  1 
Dipyli-diuvi  postmortem.  Efficacy  against  ascarids,  100  percent; 
against  whipworms,  82  percent;  against  DipyUdmin,  0  percent. 
Owing  to  an  accident  while  collecting  worms  postmortem,  some 
whipworms  may  have  been  lost,  but  the  efficacy  was  about  75 
percent  or  more. 

Dog  No.  168,  weighing  11.5  kilos,  was  given  the  same  treat- 
ment for  a  total  of  12  treatments  in  13  days,  and  was  killed  2  days 
later.  The  day  after  the  first  treatment,  the  dog  passed  2  ascarids, 
and  the  tenth  day  after  the  first  treatment  it  passed  3  whipworms. 
It  had  no  worms  postmortem.  Efficacy  against  ascarids  and  whip- 
worms, 100  percent. 

Dog  No.  169,  weighing  12  kilos,  was  given  the  same  treatment 
for  a  total  of  12  treatments  in  13  days,  and  was  killed  2  days 
later.  The  day  after  the  first  treatment  the  dog  passed  2  ascarids. 
It  had  1  Dipylidium  postmortem.  Efficacy  against  ascarids,  100 
percent;  against  Dipylidium,  0  jjercent. 

Dog  No.  283,  weighing  11.5  kilos,  was  given  5  minims  of  oil 
of  chenopodium  in  soft  (soluble  elastic)  gelatin  capsules,  fol- 
lowed by  15  mils  of  castor  oil.  Treatment  was  repeated  on  the 
third,  fifth  and  seventh  days  thereafter.  The  dog  was  found 
dead  3  days  after  the  last  treatment.  In  the  8  days  following 
the  first  treatment,  the  dog  passed  3  hookworms.  It  had  11  hook- 
worms postmortem.    Efficacy  against  hookworms,  21  percent. 

Dog  No.  228,  weighing  8  kilos,  was  given  chenopodium  at 
the  rate  of  0.05  m.  \).  k.,  with  30  mils  of  castor  oil.    The  next  day 
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the  dose  was  repeated  and  the  dog  was  killed  6  days  after  the 
second  treatment.  On  the  day  following  the  second  treatment 
the  dog  passed  5  hookworms,  and  in  the  4  days  following  the  first 
treatment  it  passed  31  whipworms.  It  had  16  hookworms,  175 
whipworms,  and  2  Dipylidinm  postmortem.  Efficacy  against  hook- 
worms, 24  percent;  against  whipworms,  15  percent;  against 
Dipylidinm,  0  percent. 

ChcuopodiiDii  ill  Doses  Repeated  During  One  Day. 

(Of  the  following  7  experiments,  the  4  with  dogs  293,  294,  299 
and  309  have  already  been  published  in  another  paper.  They 
are  repeated  here  for  the  sake  of  completion.) 

Dog  No.  293,  weighing  12  kilos,  was  given  one  10-minim  soft 
gelatine  capsule  of  chcnopodium  every  hour  for  a  total  of  3  doses, 
and  the  last  dose  was  followed  an  hour  later  by  15  grams  of 
Epsom  salts  in  simple  syrup.  During  the  next  2  days  the  dog 
passed  4  hookworms,  and  was  killed  the  fourth  day  after  treat- 
ment. It  had  no  worms  postmortem.  Efficacy  against  hookworms, 
100  percent. 

Dog  No.  294,  weighing  IG  kilos,  was  given  a  10-minim  capsule 
of  oil  of  chenopodium  with  Ys  grain  of  cascarin ;  this  was  fol- 
lowed an  hour  later  by  a  10-minim  capsule  of  chenopodium  and 
another  ys  grain  of  cascarin.  In  the  next  4  days  the  dog  passed 
3  hookworms  and  1  whii)worm.  It  had  1  hookworm,  21  whip- 
worms, and  6  Tcenia  pisifoniiis  postmortem.  Efficacy  against 
hookworms,  75  percent ;  against  whipworms,  5  percent ;  against 
tapeworms,  0  percent. 

Dog  No.  299,  weighing  15  kilos,  was  given  one  10-minim  soft 
capsule  of  chenopodium  every  hour  for  a  total  of  3  doses,  and  was 
fed  uncooked  meat  immediately  after  each  dose  to  see  if  it  afforded 
protection  against  the  drug  in  the  absence  of  purgation  and  also 
diminished  the  efficacy.  The  day  after  treatment,  the  dog  passed 
5  ascarids  and  3  hookworms.  It  was  killed  the  fourth  day.  It 
had  5  hookworms.  Efficacy  against  ascarids,  ]  00  percent ;  against 
hookworms,  37.5  percent. 

Dog  No.  314,  weighing  6  kilos,  was  given  one  10-minim  soft 
capsule  of  chenopodium  at  8  :30  A.  M.  and  immediately  fed  some 
uncooked  beef  heart   and   bread.     At  2:00   P.   M.   the  dog  was 
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given  a  second  10-niinini  capsule  and  offered  food,  but  refused 
it.  At  -1 :35  it  was  given  a  third  capsule  and  food.  At  9  :00  A.  M. 
the  next  day  the  dog  was  given  30  mils  of  castor  oil.  This  was 
an  attempt  to  determine  the  effects  in  the  administration  of  a 
capsule  before  each  meal,  advocated  by  some  physicians  in  human 
cases  of  hookworm.  The  dog  passed  2  ascarids  the  day  after 
treatment,  and  was  killed  the  fourth  day.  It  had  no  worms 
postmortem.     Efhcacy  against  ascarids,  100  percent. 

Dog  No.  30!».  weighing  14  kilos,  was  given  one  10-minim  soft 
capsule  every  half-hour  for  a  total  of  3  doses,  the  last  dose  being 
followed  a  half-hour  later  by  30  mils  of  castor  oil.  At  an  unde- 
termined interval  after  getting  the  castor  oil,  the  dog  broke  out 
of  its  cage  and  ate  some  food.  No  worms  were  passed.  The 
dog  was  killed  the  fifth  day.  It  had  2  hookworms  and  6  whip- 
worms.    Efficacy  against  hookworms  and  whipworms,  0  percent. 

Dog  No.  148,  weighing  13  kilos,  was  given  one  10-minim  soft 
capsule  of  chenopodivim  every  hour  for  a  total  of  3  doses,  the 
last  dose  being  followed  immediately  by  30  mils  of  castor  oil. 
The  dog  passed  no  worms  and  was  killed  the  fourth  day.  It  had 
6  whipworms.     Efficacy  against  whipworms,  0  percent. 

Dog  No.  151,  weighing  13  kilos,  was  given  one  5-minim  soft 
capsule  of  chenopodium  every  hour  for  a  total  of  3  doses,  the 
last  dose  being  followed  immediately  by  30  mils  of  castor  oil. 
The  dog  passed  1  hookworm  the  day  after  treatment  and  2  whip- 
worms the  third  or  fourth  day  after  treatment.  The  animal  was 
killed  the  fourth  day.  It  had  1  whipworm  postmortem.  Efficacy 
against  hookworms,  100  percent ;  against  whipworms,  67  percent. 

Where  very  small  doses  of  chenopodium,  2  minims,  were  given 
daily  for  a  total  of  12  (1  case),  17  (1  case),  18  (4  cases)  and 
19  (2  cases)  treatments,  the  efficacy  against  ascarids  was,  as 
usual,  100  percent;  against  hookworms,  100,  60,  53  and  0  percent; 
against  whipworms,  6,  0,  0,  0,  and  0  percent;  against  Dipylidiimi, 
0  percent  (5  times).  These  experiments  confirm  the  idea  that 
chenopodium  is  successful  against  ascarids  almost  always,  that 
repeated  doses  increase  its  efficacy  against  hookworms,  and  that 
it  should  not  be  regarded  as  a  taeniacide.  They  also  bear  out 
the  writer's  suggestion  that  santonin  is  the  remedy  of  choice  for 
whipworms,  as  even  these  numerous  treatments  with  small  doses 
of  chenopodium  fail  to  remove  these  worms  in  most  cases. 
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Where  larger  doses  of  chenopodiiim,  5  minims,  are  given 
dailv  for  12  doses,  the  drug  shows  the  expected  efficacy  against 
ascarids.  100  percent  (4  cases)  ;  an  efficacy  against  hookworms 
of  100  percent  (2  cases)  ;  against  whipworms,  100  (2  cases), 
75  to  82,  13  and  0  percent;  and  against  tapeworms,  100,  1  and 
0  (5  cases)  percetit.  The  efficacy  against  tapeworms  is  to  be 
expected;  the  l)ase  of  100  percent  efficacy  against  tapeworms  is 
an  accident,  out  of  keeping  with  numerous  faihires  on  the  part 
of  this  drug  to  remove  any  tapeworms  whatever ;  the  whipworm 
findings  indicate  that  repeated  doses  of  5  minims  daily  are  much 
more  eflfective  than  2  minims  daily;  the  findings  for  hookworm 
are  based  in  both  cases  on  a  single  hookworm  and  so  are  incon- 
clusive. 

A  test  of  this  same  5-minim  dose  every  other  day  for  -1  days 
showed  21  percent  efficacy  against  hookworms. 

A  test  of  half  the  therapeutic  dose  (0.1  m.  p.  k.),  or  0.05 
m.  p.  k.,  given  on  2  successive  days,  showed  24  percent  efficacy 
against  hookworms,  15  percent  against  whipworms,  and  0  percent 
against  Dipylidhmv. 

In  the  repeated  doses  given  in  1  day,  three  10-minim  doses 
at  hour  intervals,  followed  by  Epsom  salts,  were  100  percent 
efifective  against  hookworm,  and  67  and  0  percent  effective  against 
whipworms ;  the  same  dose,  given  with  cascarin,  was  75  percent 
effective  against  hookworms,  5  percent  effective  against  whip- 
worms, and  0  percent  effective  against  tapeworms ;  the  same  dose 
with  meat,  but  without  purgation,  was  100  percent  effective 
against  ascarids  and  37.5  percent  effective  against  hookworms; 
the  same  dose,  given  3  times  during  the  day  with  food,  was  100 
percent  effective  against  ascarids;  the  same  dose,  given  every 
half -hour  and  followed  a  half -hour  later  by  castor  oil,  was  0 
percent  effective  against  hookworms. 

The  foregoing  suggests  that  chenopodium  in  repeated  doses 
of  5  minims  daily  for  12  doses  is  rather  efficacious  against  ascarids, 
whipworms,  and,  probably,  hookworms.  But  such  prolonged 
treatment  is  objectionable  from  the  standpoint  of  the  practitioner. 
The  use  of  three  10-minim  doses  at  hour  intervals,  followed  by 
a  purgative  an  hour  later,  gives  promise  of  success  in  treating 
dogs  as  in  treating  man  for  hookworms,  but,  even  as  in  that  case, 
repeated  treatments  will  not  infrequently  be  necessary.     This  sub- 
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ject  demands  more  data.  Prolonged  experience  to  date  only 
enables  us  to  formulate  the  following  statements  with  regard  to 
oil  of  chenopodium: 

Oil  of  chenopodium  has  no  equal  as  a  drug  for  the  removal 
of  ascarids,  as  it  will  in  the  big  majority  of  cases  remove  100 
percent  of  the  worms  present  in  the  dog,  and  is  apparently  about 
as  effective,  under  proper  conditions  of  administration,  against 
ascarids  of  man  and  swine.  It  is  apparently  as  effective  as  any- 
thing against  ascarids  in  the  horse,  and  will  probably  give  satis- 
factory results  when  it  has  been  sufficiently  studied  to  ascertain 
the  proper  dose  and  mode  of  administration. 

Chenopodium  does  not  have,  in  our  experience,  as  much  value 
for  removing  hookworms  in  single  therapeutic  dose  as  does 
chloroform,  but  such  experimental  evidence  as  we  have,  together 
with  the  clinical  evidence  of  thousands  of  human  cases  treated 
with  chenopodium,  indicates  that  in  repeated  doses,  either  at  hour 
intervals  or  on  consecutive  days,  it  should  prove  reasonably  satis- 
factory against  hookworms  in  dogs. 

No  drug  can  be  depended  on  to  remove  whipworms  when 
given  in  single  dose,  as  the  writer  has  stated  elsewhere.  Repeated 
doses  of  oil  of  chenopodium,  T)  minims  daily  for  12  days,  for 
instance,  seem  to  give  rather  good  results  and  warrant  further 
investigations  along  this  line.  But  the  fact  that  santonin  is  not  a 
gastro-intestinal  irritant  gives  it  the  choice  for  use  against  whip- 
worms, so  far  as  we  are  aware  at  present.  It  can  be  given  in 
doses  of  a  half-grain  or  a  grain  daily,  with  equal  amounts  of 
calomel,  and  seems  entirely  safe  when  so  given,  so  far  as  our 
experiments  show. 

Chenopodium  will  occasionally  remove  tapeworms,  but  the  nu- 
merous failures  to  remove  any  in  a  long  series  of  experiments  show 
positively  that  it  cannot  be  regarded  as  a  suitable  anthelmintic  for 
the  removal  of  tapeworms,  so  far  as  dog  tapeworms  are  con- 
cerned, and  so  far  as  findings  in  regard  to  them  can  be  applied 
to  other  tapeworms  and  hosts. 
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(Reprinted    from    The    American    Journal    of   Physiology,    Vol.    49,    No.    2,    July,    1919.) 

The  Effect  of  Feeding  Pars  Tuberalis  and  Pars  Anterior 

Proprior  of   Bovine   Pituitary  Glzmds   Upon 

the   Early   Development  of  the 

White  Rat. 

CaRLETON  J-   M.VKINUS. 
(From  the   Medical   Research   Laboratories  of  Parke,   Davis  &  Co.,    Detroit,   Mich.) 

IXTRODUCTIOX. 

The  pituitary  body  (hypophysi.s)  is  usually  described  as  made 
up  of  two  component  parts,  the  anterior  and  posterior  lobes  (1). 

Under  the  general  term  posterior  lobe  are  included  the  pars 
nervosa,  the  pars  intermedia,  and  the  neural  stalk.  Functionally 
these  structures  are  very  closely  related.  Extracts  of  each  of  them 
are  capable  of  producing  similar  characteristic  immediate  effects 
when  injected  into  the  blood  stream.  It  is  believed  that  the  active 
principles  of  the  posterior  lobe  are  elaborated  in  the  pars  intermedia 
and  traverse  the  pars  ner\'osa  and  neural  stalk  to  the  third  ventricle, 
thus  reaching  tbe  cerebrospinal  fluid  C-^).  The  pars  intermedia  is 
histologically  distinct  from  the  pars  nervosa  and  neural  stalk,  and 
traces  its  embryological  origin  to  an  entirely  separate  anlage.  It 
is,  however,  very  closely  joined  to  the  pars  nervosa  and  is  an  es- 
sential part  of  the  posterior  lobe. 

Injection  of  extracts  prepared  from  the  anterior  lobe  produce 
none  of  the  effects  characteristic  of  posterior  lobe  extracts.  Long- 
continued  feeding  with  the  anterior  lobe  tissue,  however,  induces 
certain  alterations  in  development,  while  the  use  in  a  similar  way 
of  posterior  lobe  preparations  gives  negative  results. 

Robertson  in  1016  published  a  report  in  which  he  states  that 
when  fed  to  growing  mice,  anterior  lobe  produced  a  definite  retard- 
ation of  growth  in  the  period  immediately  following  puberty,  this 
retardation  being  succeeded  by  a  marked  stimulation  of  growth 
(5).    Goetsch,  working  with  a  much  smaller  number  of  white  rats, 
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sule  a  small  bit  of  the  pars  tuberalis  is  usually  left  attached  to 
the  pars  anterior  proprior.  This  fact  opens  the  possibility  that 
some  of  the  effects  of  the  anterior  lobe  feeding  may  be  due  to 
the  inclusion  of  small  jxirtions  of  the  pars  tuberalis  in  the  prepara- 
tion. In  the  present  study,  white  rats  have  been  fed  upon  care- 
fully separated  pars  tuberalis  and  pars  anterior  proprior,  in  an 
attempt  to  answer  this  question. 


TABLE  1 
Experiment  1.    Gain  in  body  weight  (in  grmris) 
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Average  final  weight.  . 
Average  initial  weight 
Average  gain 

Number  in  group 

Average  final  weight.  . 
Average  initial  weight 
Average  gain. 


APTEB  6}  WEEKS  OF      AFTER  12  WEEKS  OF 
FEEDING  FEEDING 


O.H  ft) 

o 


6 
72. G 
16.0 

66.6 

4 
98.2 
36.4 
61.8 


3 
113.6 

38  3 
75.3 


o 


68.0 
16.7 
61.3 

3 

83  1 
35.3 

47.8 

4 

74.7 
18.2 
56.6 

3 

107.1 
38.6 

68.5 


o 


4 
73.1 
17.0 

56.1 

3 

97.8 
38.8 
59.0 


84.2 
16.7 
67.5 

3 

113.5 

46.0 

67.5 


3 

.  o 

•— '  w  — 

O-S  S) 

fti--a 

£<S 

2ft.  .S 

O 

O 

Not  weighed 
because  of 
pregnancies 

Not  weighed 
because  of 
pregnancies 


2 

97.0 
16.7 


4 

90.5 

18.2 

72.7 

3 

3 

130.3 

121.3 

38.3 

38.6 

92.0 

82.7 

3 
134.3 
46.0 


MATERIAL  AND  METHODS. 

In  this  experiment  albino  rats  were  fed  portions  of  the  pituitary 
gland,  and  carefully  observed  for  any  changes  in  growth  rate  and 
sexual  development.  The  rats  used  were  secured  at  the  age  of 
two  to  three  weeks  (shortly  after  weaning).  They  were  imme- 
diately weighed  and  grouped  according  to  weight  and  sex.  Three 
separate  series  of  experiments  were  conducted,  one  group  com- 
prising fifty-three  rats,  the  second,  thirty-seven,  and   the  third, 
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Stated  that  anterior  lobe  induced  a  uniform  increase  of  growth- 
rate,  denying  the  period  of  retardation  (6).  Later,  Robertson 
and  Delprat  reported  that  anterior  lobe  feedings  definitely  in- 
creased the  prepubertal  growth  rate  of  white  mice. 

The  anterior  lobe  is  also  known  to  exert  a  certain  control  over 
the  development  and  proper  functioning  of  the  reproductive  sys- 
tem. Clinically,  pituitary  disease  is  always  associated  with  more 
or  less  sexual  abnormality,  both  anatomical  and  functional  (9). 
Partial  extirpation  of  the  anterior  lobe  in  experimental  animals  is 
followed  by  marked  hypoplasia  of  the  genitalia  (3).  Goetsch 
noted  a  marked  hypertrophy  of  the  genitalia  in  his  pituitary-fed 
animals  (6),  while  Robertson  noted  an  increase  in  pugnacity  and 
general  virility  in  his  pituitary-fed  males  (5). 

Recently  it  has  been  shown  that  in  addition  to  the  structures 
mentioned  above,  the  hypophysis  contains  a  third  epithelial  lobe, 
the  pars  tuberahs,  closely  investing  the  neural  stalk  (10).  The 
question  arises  whether  this  newly  described  structure  is  a  part  of 
the  posterior  or  of  the  anterior  lobe,  or  whether  it  possesses  an 
entirely  separate  function.  From  its  structural  relations  it  might 
at  first  be  considered  a  part  of  the  posterior  lobe  complex,  for  it 
is  apparently  continuous  with  the  pars  intermedia  which  has  been 
proven  to  be  a  part  of  the  posterior  lobe  mechanism.  Atwell  (11) 
has  shown,  however,  that,  in  the  rabbit  at  least,  the  pars  tuberalis 
is  embryologically  quite  distinct  from  the  posterior  lobe  elements, 
arising  as  two  lateral  thickenings  of  the  anterior  lobe  anlage  and 
only  later  surrounding  the  developing  neural  stalk. 

In  a  recent  paper  Atwell  and  Marinus  (12)  have  compared 
the  blood  pressure  and  oxytocic  reactions  of  pars  tuberalis  ex- 
tracts with  the  reactions  of  pars  intermedia,  neural  stalk  and  pars 
nervosa  extracts.  The  reactions  elicited  by  pars  tuberalis  extracts 
were  so  small  that  they  were  evidently  due  to  unavoidable  con- 
tamination of  the  extracts  with  active  posterior  lobe  constituents, 
and  not  to  any  inherent  activity  on  the  part  of  pars  tuberalis.  It 
was  concluded  by  the  authors  that  the  pars  tuberalis  is  not  a  func- 
tional part  of  the  posterior  lobe. 

Owing  to  its  close  anatomical  relationship  to  the  anterior  lobe 
it  was  suspected  that  the  pars  tuberalis  might  be  included  in  the 
ordinary  anterior  lobe  preparations.  Investigations  showed  that 
such  was  the  case.     As  the  anterior  lobe  is  rolled  from  its  cap- 
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ten.     The  third  series  contained  a  single  Htter  born  at  this  lab- 
oratory. 

During  the  entire  experiment  the  rats  were  kept  on  a  standard 
diet  consisting  of  water  and  cracked  mixed  grains  in  abundance, 
stale  (but  not  mouldy)  bread  once  a  week,  and  a  small  quantity 
of  fresh  milk  daily.  The  rats  were  kept  in  metal  cages,  without 
litter  except  tor  the  grain  they  scattered  about.     The  cages  were 


TABLE  2 
Experiment  2.    Gain  in  body  weight  {in  grams) 


Very  young  fe- 
males 


Older  females 


Very 
males 


young 


Older  males 


Number  in  group 

Average  final  weight.  . 
Average  initial  weight 
Average  gain 

Number  in  group 

Average  final  weight.  . 
Average  initial  weight 
Average  gain 

Number  in  group 

Average  final  weight.  . 
Average  initial  weight 
Average  gain 

Number  in  group 

Average  final  weight.  . 
Average  initial  weight 
Average  gain 
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3 
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because        of 

S8.8 

S3. 8 

37.1 
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5 

4 

6 

94.9 

91.2 

94.3 

Not        weighed 

44.8 

47.1 

45.5 

because        of 

60.1 

U.l 

48.8 

pr 

egnan 

cies 

7 

5 

5 

7 

5 

5 

70. 4 

62.9 

73.9 

116.4 

94.0 

109.0 

29.5 

30.1 

30.0 

29.5 

30.1 

30.0 

4G.9 

32.8 

43.9 

86.9 

64.1 

79.0 

4 

4 

3 

4 

4 

3 

109.4 

90.0 

101.8 

148.5 

119.5 

138.5 

46.9 

44.0 

45.3 

46.9 

44.0 

45.3 

62.5 

46.0 

56.5 

101.6 

75.5 

93.2 

cleaned  weekly,  using  a  coal-tar  disinfectant.  Individual  rats  were 
distinguished  by  spotting  with  stains — methylene  blue,  acid  fuch- 
sin  and  picric  acid  proving  the  most  satisfactory.  Each  rat  was 
weighed  twice  weekly. 

In  addition  to  the  standard  diet  the  rats  were  daily  given  the 
experimental  foods.  A  small  portion  of  the  fresh  gland  was  pre- 
sented to  the  rat  in  forceps,  whereupon  it  was  invariably  seized 
and  swallowed.     At  each  feeding  it  was  definitely  ascertained  that 
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TABLE  3 
Experiment  3.    Gain  in  body  weight  {in  grams).     After  6 j  weeks  of  feeding 


QROCr  I.      ANTERIOR 
LOBE 

OROCT  II.     PAR8 
TUBERALIS 

GROUP  in.     MEAT 

_  M 

.2  s 

a 
'3 
O 

„5 

.2-- 

J3 

■3-r 

.S  is 

80.5 

88.5 

100.0 

87.5 

a 

•a 
o 

J3 

a 
'3 

O 

1.  Female 

32.0 
35.0 
36.5 

105.5 
118.5 
129.5 

73.5 
83.5 
93.0 

32.0 
34.0 
32.0 
33.5 

48.5 
54.5 
78.0 
74.0 

32.5 
33.0 
37.0 

96.0 
94.0 
112.5 

63.5 
61.0 
75.5 

2.  Female    

3.  Male 

4.  Male        

Total 

103.5 

353.5 

250.0 

131.5 

350.5 

255.0 

102.5 

302.5 

200.0 

Average 

34.5 

117.8 

85.  S 

32.9 

89.1 

63.7 

34.1 

100.8 

66.6 

Relative  gain 

125.0 

(of  tahlp.'^'i 

95.0 

100  0 

Normal  valued  at  100 

TABLE  4 
Experiment  S.    Body  lengths  in  centimeters  after  6^  loeeks  of  feeding 


GROUP  1. 
ANTERIOR  LOBE 

OROCP   IV. 
PARS  TUBER- 
ALIS 

GROUP  vn. 

MEAT 

1.  Female 

2.  Female  

15.2 
16.2 
16.3 

13.8 
14.8 
14.6 
13.6 

13.6 
13.9 

3.  Male 

4.  Male 

15.2 

Total 

47.7 

56.7 

42.7 

Average 

15.9 

14.2 

14.2 

TABLE  6 
Experiment  S.     Weights  of  genital  organs  in  milligrams 


GROUP   I 
RIOR 

ANTE- 
LOBE 

GROUP  11.     PAR8 
TDBERALIB 

GROUP  III.      MEAT 

Male 

Female 

Male 

Female 

Male 

Female 

1 

2 
3 
4 

1530 

160 
220 

885 
865 

120 
100 

910 

115 
140 

Average 

1530 

190 

875 

110 

910 

135 

Relative  variation 

Normal  valued  at  100 

168 

140 

96 

81 

100 

100 

2oti 

the  portion  allotted  was  completely  devoured.  The  glands  used 
were  taken  indiscriminately  from  steer,  cow  and  heifer  heads. 
As  soon  as  possible  after  the  animal  was  slaughtered  the  head 
was  split  in  the  sagittal  plane  and  the  pituitary  gland  dissected 
out.  The  glands  were  immediately  wrapped  in  oiled  paper  and 
packed  in  ice.  In  every  case  the  glands  were  dissected  into  their 
component  parts  and  fed  to  the  rats  within  six  hours  after  the 
death  of  the  animal.  During  this  time  there  was  no  actual  con- 
tact between  the  ice  or  ice  water  and  the  glands.  These  precau- 
tions were  taken  in  order  to  make  certain  that  the  material  should 
lose  none  of  its  activity  by  autolysis,  by  decomposition  or  by  solu- 
tion of  its  constituents  in  the  ice  water. 

The  partes  tuberales  were  dissected  out  as  described  by  Atwell 
and  Marinus.  The  material  available  was  then  divided  into  equal 
portions  sufficient  to  supply  all  the  rats  to  be  fed.  Each  rat  was 
given  a  quantity  of  pars  tuberalis  which  varied  from  day  to  day, 
but  which  approximated  one-fourth  of  an  entire  pars  tuberalis. 


TABLE  6 
Experiment  2.     Birth  of  first  litter  and  weight  of  mother  at  conception 


7th  week  of  feeding. 
8th  week 


9th  week. 
10th  week. 
11th  week. 

12th  week. 

13th  week. 


Average  weight 


OROCP    1. 

ANTERIOR 

LOBE 


101.0 
94.0 
90.0 

107.5 
91.5 
121.5 


100.9 


(2  prcg.) 


122.0 


94  5 
85.5 


100.6 


OBOCT  in.     MEAT 


(3  preg.) 


107.0 
94.0 
89.5 
127.0 
121.5 

107.8 


The  anterior  lobes  were  secured  by  splitting  the  glands  in  the 
midsagittal  plane  and  rolling  the  entire  anterior  lobe  out  of  its 
capsule,  leaving  the  posterior  lobe  attached  to  the  capsule  and  dura 
mater.     The  portion  of  the  anterior  lobe  at  the  point  of  origin  of 
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the  pars  tuberalis  was  snipped  off,  making  certain  that  no  pars 
tuberaHs  fluids  or  tissues  were  included  with  the  anterior  lobe  as 
fed.  Each  rat  was  given  a  portion  equal  to  about  one-sixth  of 
the  entire  lobe  (approximately  250  mgm,).  As  a  control  certain 
of  the  rats  were  fed  beef  muscle.  A  portion  of  the  muscle  was 
freed  from  all  loose  fat  and  was  then  divided  into  portions  approx- 
imately equal  in  weight  to  the  portions  of  anterior  lobe.  All  the 
rats  in  series  3  were  killed  with  ether  after  six  and  one-half 
weeks  of  feeding.  The  body  weights  and  lengths  were  re- 
corded. The  entire  female  genital  tract  was  dissected  out  down 
to  the  trigone  and  preserved  intact.  The  sex  organs  were  then 
fixed  in  Bouin's  fluid  and  dehydrated  in  alcohols.  When  in  80 
per  cent  alcohol  each  testis  (together  with  the  corresponding 
epididymis)  was  weighed  separately.  The  female  genital  tract 
was  weighed  as  a  whole.  The  tissues  were  completely  dehydrated, 
cleared  with  xylol,  embedded  in  paraffin,  and  cut  5  micra  thick. 
The  sections  were  stained  with  Heidenhain's  iron  hematoxylin 
and  eosin. 

DISCUSSION. 

Puberty  occurs  in  the  white  rat  from  sixty  to  ninety  days 
after  birth  (13).  The  rats  of  experiments  1  and  2  were  then 
barely  approaching  the  normal  time  of  puberty  after  six  and  one- 
half  and  five  and  one-half  weeks  of  feeding.  This  stage  cor- 
responds roughly  to  the  end  of  the  second  or  beginning  of  the 
third  growth  cycle  described  by  Robertson  for  white  mice.  Com- 
parison of  the  weights  at  this  stage  shows  a  small  but  w^ell 
defined  increase  in  weight  in  the  anterior-lobe-fed  groups  over 
all  other  groups.  This  is  in  agreement  with  Robertson  and 
Delprat,  who  conclude  that  anterior  lobe  feeding  stimulates 
grow^th  during  the  second  development  cycle. 

The  rats  of  experiment  3  were  born  in  the  same  litter  and  allow 
more  exact  comparisons.  Here  also  the  anterior-lobe-fed  sur- 
passed the  other  animals  at  the  age  of  nine  weeks  (after  six  and 
one-half  weeks  of  feeding).  The  difference  is  even  more 
marked  in  this  experiment  owing  to  the  greater  uniformity 
of  the  animals. 

After  twelve  weeks  of  feeding  all  the  females  had  given  birth 
to  at  least  one  litter  or  were  in  some  stage  of  pregnancy.     The 
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rats  had.  therefore,  all  passed  puherty.  At  this  stage,  also,  the 
anterior-lobe-fed  males  were  heavier  than  any  of  the  others,  the 
difference  being  greater  than  at  the  age  of  pnberty.  This  observa- 
tion is  contrary  to  Robertson's  conclusions  that  after  puberty  the 
administration  of  anterior  lobe  to  white  mice  produces  a  prelim- 
inary retardation  of  growth.  The  seeming  inconsistency  may  be 
due  to  a  possible  difference  in  the  relative  lengths  of  the  growth 
cycles  of  white  mice  and  white  rats. 

The  nose-to-anus  lengths  recorded  show  that  the  anterior- 
lobe-fed  rats  were  considerably  larger  than  either  the  con- 
trols or  the  pars-tuberalis-fed  rats.  The  increased  weights  noted 
in  the  case  of  the  anterior-lobe-fed  rats  are,  then,  due  to  an  in- 
creased skeletal  growth.  This  conclusion  is  in  keeping  with  the 
increased  skeletal  growth  noted  in  cases  of  pathologic  hyper- 
pituitarism. 

While  the  anterior-lobe-fed  rats  were  growing  faster  than  the 
controls,  the  pars-tuberalis-fed  animals  were  losing  ground.  In 
all  three  experiments  the  pars-tuberalis-fed  rats  were  markedly 
smaller  than  the  controls.  This  was  even  more  constant  and  more 
marked  than  the  overgrowth  of  the  anterior-lobe-fed  animals.  It 
should  be  remarked,  however,  that  the  pars-tuberalis-fed  rats  were 
not  strictly  controlled.  The  rats  of  the  other  groups  received  daily 
a  quantity  of  muscle  or  glandular  tissue  weighing  approximately 
2r)0  mgm..  while  the  tuberalis-fed  rats  were  given  only  a  minute 
portion  of  tissue  weighing  but  ~)  to  10  mgm. 

It  is  evident  that  the  accelerated  growth  reported  by  previous 
observers  as  following  anterior  lobe  feeding  has  not  been  due  to 
any  admixture  of  pars  tuberalis  substance,  inasmuch  as  the  same 
effects  are  ])roduced  by  anterior  lobe  material  known  to  be  free 
from  other  jxirts  of  the  gland,  and  inasmuch  as  no  overgrowth  is 
induced  by  feeding  pars  tuberalis  alone.  The  apparent  retarda- 
tion of  growth  must  be  further  studied  Ijefore  it  is  to  l)e  definitely 
ascribed  to  pars  tuberalis  feeding. 

In  addition  to  its  action  on  the  process  of  growth,  the  anterior 
lobe  is  known  to  control,  to  some  extent  at  least,  the  development 
of  the  reproductive  system.  The  effects  of  anterior  lobe  feedings 
on  the  sexual  organs  may  be  evaluated  by  a,  study  of  the  organs 
themselves,  or  b,  date  of  birth  of  the  first  litter.  Both  methods 
have  been  used  in  this  studv. 
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The  testes  of  the  anterior-lobe-fed  male  (experiment  3)  were 
markedly  larger  than  those  of  the  other  males,  weighing  nearly 
twice  as  much  as  the  controls.  Upon  section  it  was  found,  as  re- 
ported by  Goetsch,  that  all  of  the  tissues  in  the  testicle  are  involved 
in  the  hyperplasia  but  that  the  increase  in  size  and  weight  is  chiefly 
attributable  to  changes  in  the  seminiferous  tubules.  The  female 
organs  were  also  better  developed,  although  the  gross  difference 
was  not  so  marked. 

The  genital  organs  of  the  pars-tuberalis-fed  rats  could  not, 
however,  be  distinguished  from  those  of  the  controls.  The  sHghtly 
greater  weight  of  the  control  organs  is  within  the  limits  of  indi- 
vidual variation  and  is  explained  as  concomitant  to  the  larger  size 
of  the  control  animals.  iMicroscopical  examination  of  both  testes 
and  ovaries  revealed  no  difference  between  those  of  the  pars- 
tuberalis-fed  and  control  rats. 

In  normal  healthy  rats  the  first  cojnilation  occurs  shortly  after 
the  sex  glands  become  histologically  mature.  Thus  the  date  of 
birth  of  the  first  litter  is  a  good  criterion  of  the  relative  maturity 
of  two  groups  of  animals.  During  the  ninth  week  of  feeding  it 
became  evident  that  several  of  the  anterior-lobe-fed  animals  were 
pregnant,  while  none  of  the  controls  were  showing  signs  of  preg- 
nancy. This  observation  was  borne  out  by  the  fact  that  three 
anterior-lobe-fed  females  gave  birth  to  the  first  litters  two  weeks 
before  any  of  the  control  litters  were  born.  The  females  evidenc- 
ing this  sexual  precocity  were  not  larger  than  the  slower  controls 
at  the  calculated  date  of  impregnation,  i.  e.,  the  sexual  develop- 
ment had  been  more  rapid  than  the  somatic. 

The  pars-tuberalis-fed  and  control  females  dropped  their  Ht- 
ters  during  the  same  period  of  time,  averaging  more  than  two 
weeks  after  the  anterior-lobe-fed  females.  In  keeping  with  the 
microscopical  evidence  afforded  by  experiment  3,  the  births  in  this 
experiment  show  that  the  pars-tuberalis-feedings  do  not  alter  the 
sexual  development  or  function  of  the  white  rat. 

SUMMARY  AND  CONCLUSIONS. 

One  hundred  young  rats  were  separated  into  three  groups. 
The  first  group  was  fed  upon  pars  anterior  proprior  of  the  pituitary 
gland,  the  second  upon  pars  tuberalis,  and  the  third  or  control 
group  upon  beef  muscle.     During  twelve  weeks  of   feeding  the 
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rats  of  the  tirst  group  exhibited  increased  growth  rate  accom- 
panied by  a  more  rapid  development  of  the  reproductive  system, 
evidenced  by  gross  and  microscopical  hypertrophy  of  the  organs 
and  by  the  earlier  birth  of  young.  In  the  second  (pars  tuberalis 
fed)  group  there  was  no  change  in  the  sexual  development  as  com- 
pared with  that  of  the  control  grou]).  The  growth  rate  was  slightly 
slower  in  the  second  group,  owing  perhaps  to  the  smaller  amount 
of  meat  fed. 

This  study  has  not  shown  that  any  of  the  functions  ascribed 
to  the  anterior  lobe  as  a  whole  are  due  to  the  pars  tuberalis. 

I  wish  to  ex{)ress  my  indebtedness  to  Dr.  Wayne  J.  Atwell  for 
his  valuable  assistance  in  the  preparation  of  this  paper. 
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STUDIES  ON  ANTHELMINTICS. 

II.    THE  ANTHELMINTIC  AND  INSECTICIDAL  VALUE 
OF  CARBON  BISULPHIDE  AGAINST  GASTRO- 
INTESTINAL PARASITES  OF  THE  HORSE. 

Maurice  C.  Hall,  Ph.D.,  D.V.]\I.,  and  Morgan  J.  Smead,  V.S., 
B.V.  Sc,  and  Charles  F.  Wolf,  D.V.M. 

(Mfflical    Research    Laboratories,    Parke,    Davis   &    Co.,    Detroit,    Mich.) 

By  critical  experimental  methods,  i.  c,  treatment  followed  by 
careful  examination  of  the  manure  and  post-mortem  examination, 
it  has  been  found  by  Hall  (1917)  that  carbon  bisulphide  is  appar- 
ently 100  per  cent  effective  against  bots ;  by  the  same  methods,  it 
has  been  found  by  Hall,  Wilson  and  Wigdor  (1918)  that  some 
of  the  common  anthelmintics  are  not  adequately  effective  against 
ascarids  in  the  horse,  even  such  drugs  as  oil  of  chenopodium, 
highly  ascaricidal  for  ascarids  in  other  hosts,  falling  far  short  of 
100  per  cent  efficacy.  Using  these  same  critical  methods,  we  find 
that  carbon  bisulphide,  in  addition  to  being  100  per  cent  effective 
in  removing  bots,  is  almost  that  effective  in  removing  ascarids. 
This  drug  has  been  used  heretofore  against  ascarids  in  the  horse, 
but  in  the  absence  of  critical  tests,  its  real  efficacy  was  a  prob- 
lematical quality.  Wo.  are  now  able  to  report  that  in  carbon  bisul- 
phide we  have  a  dependable  remedy  for  the  refractory  ascarid  of 
the  horse.  This  information  fills  a  distinct  gap  in  our  knowledge 
of  dependable  treatments  for  parasites  of  the  horse,  and  in  con- 
nection with  the  findings  of  Hall,  Wilson  and  Wigdor  (1918)  to 
the  effect  that  oil  of  chenopodium,  ])roperly  used,  is  approximately 
100  per  cent  effective  against  strongyles,  cylicostomes  and  pin- 
worms  in  the  horse,  it  establishes  the  topic  of  anthelmintic  treat- 
ment for  the  common  parasites  of  the  digestive  tract  of  the  horse 
on  a  sound  basis  of  tested  and  dependable  drugs. 


*Read  before   the   Southeastern   Michigan   Veterinary   Medical  Association,   Detroit, 
Mich.,  April  9,  1919. 
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Our  mcth(Hl  was  tlic  same  as  that  used  l)y  Hall,  Wilson  and 
Wigdor.  The  horses  were  dosed  by,  and  the  fastin<^,  feeding  and 
care  of  manure  supervised  by,  one  of  us  (Smead).  The  exam- 
ination of  the  manure  for  worms  and  hots  passed  and  the  post- 
mortem examination  of  tiie  digestive  tract  were  made  by  Hall, 
Smead  and  Wolf,  assisted  by  J.  R.  Stafford.  No  effort  was 
made  to  detect  cylicostomes  in  the  manure  or  to  count  them  post- 
mortem. However,  if  cylicostomes  had  been  present  in  the  manure 
to  any  extent  they  would  probably  have  been  detected,  and  it  is 
our  opinion  that  practically  none  were  passed. 

Food  was  removed  from  8  horses  at  noon,  March  10,  li)l!),  and 
the  animals  were  given  their  first,  or  their  only,  treatment  with 
carbon  bisulphide  in  hard  capsules  about  8  :30  the  next  morning. 
No  purgatives  were  given.  In  view  of  the  new  data  relative  to 
the  time  required  for  dead  hots  and  worms  to  pass  from  a  horse 
under  these  conditions,  we  give  the  protocols  rather  fully. 

Horse  No.  1094  was  given  6  drams  of  carbon  bisulphide  in  1 
dose.  On  the  succeeding  days,  in  their  order,  this  horse  passed 
the  following :  1  hot,  0  ascarids ;  2  hots.  0  ascarids ;  58  bots,  1 
ascarid  ;  total  61  bots,  1  ascarid.  The  horse  was  killed  the  third 
day  after  treatment  and  had  105  dead  bots  and  5  dead  ascarids 
in  the  large  intestine  on  their  way  out.  The  drug  removed  166 
bots  and  6  ascarids,  leaving  none  in  the  stomach  or  small  intes- 
tine. This  horse  had  85  pinworms,  hundreds  of  Strongyliis  spp. 
and  thousands  of  Cylicostomum  spp.  The  treatment  was  there- 
fore 100  per  cent  effective  against  bots  and  ascarids  and  0  per 
cent  effective  against  pinworms,  Strongylus  spp.  and  Cylicosto- 
mum spp.  (W^e  assume  from  the  number  of  cylicostomes  left, 
together  with  the  failure  to  remove  Strongylus  and  pinworms, 
that  the  treatment  was  an  entire  failure  against  cylicostomes,  even 
though  the  manure  was  not  closely  examined  to  see  if  any  of  these 
were  passed.)     The  stomach  and  small  intestine  were  normal. 

Horse  No.  1093  was  also  given  G  drams  of  carbon  bisulphide 
in  1  dose.  On  the  succeeding  days  this  horse  passed  bots  as  fol- 
lows :  0  bots  ;  8  bots ;  70  bots  ;  77  bots ;  36  bots ;  48  bots ;  33  bots ; 
5  bots ;  2  bots ;  total,  279  bots.  This  horse  passed  2  a.scarids  on 
the  third  day  after  treatment  and  2  or  3  at  a  later  day;  owing  to 
a  misunderstanding,  exact  records  were  not  kept  for  these  worms. 
The  horse  was  killed  the  ninth  dav  after  treatment  and  had  2  bots 
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in  the  (k)uble  colon  and  no  ascarids  anywhere.  This  horse  had  1 
pinworm,  hundreds  of  Stroiujylus  spp.  and  some  Cylicostomum 
spp.  The  treatment  was  therefore  100  per  cent  effective  against 
bots  and  ascarids  and  0  per  cent  effective  against  pinworms, 
StroiHjylus  sjjp.  and  Cylicostoiiiiwi  spp.  The  stomach  showed  a 
heahng  inl^amed  area  in  the  cardiac  portion. 

Horse  No.  1092  was  given  -4  drams  of  carbon  bisulphide  at  1 
dose  and  this  dose  was  repeated  2  hours  later.  On  the  succeed- 
ing days,  in  their  order,  this  horse  passed  the  following:  0  bots, 
0  ascarids ;  0  bots,  1  ascarid ;  0  bots,  4  ascarids ;  total,  0  bots,  5 
ascarids.  The  horse  was  killed  the  third  day  after  treatment  and 
had  no  bots  anywhere ;  it  had  2  live  ascarids  in  the  small  intestine 
and  38  dead  ones  in  the  large  intestine.  There  were  9  Strongylus 
spp.,  some  Cylicostommn  spp.  and  no  pinworms.  The  treatment 
was  therefore  over  95  per  cent  effective  against  ascarids  and  0  per 
cent  effective  against  Strongylus  and  Cylicostomuni  spp. ;  no  data 
regarding  bots  and  pinworms,  as  these  parasites  were  not  present. 
Cardiac  stomach  was  inflamed  and  showed  adherent  mucous 
exudate. 

Horse  No.  823  was  also  given  2  4-dram  doses  of  carbon  bisul- 
phide at  a  2-hour  interval.  On  the  succeeding  days  this  horse 
passed  the  following :  1  bot,  0  ascarids ;  0  bots.  2  ascarids ;  1  bot, 
10  ascarids  ;  1  bot,  4  ascarids ;  0  bots,  6  ascarids  ;  0  bots,  3  ascarids ; 
0  bots,  0  ascarids ;  0  bots,  1  ascarid ;  total  3  bots,  2G  ascarids. 
Subsequent  to  the  eighth  day  after  treatment,  no  bots  or  ascarids 
were  passed.  The  horse  was  killed  on  the  seventeenth  day  after 
treatment  and  had  no  bots  or  ascarids  anywhere.  There  were 
hundreds  of  Strongylus,  thousands  of  Cylicostomuni  and  no  pin- 
worms. The  treatment  was,  therefore,  100  per  cent  effective 
against  bots  and  ascarids,  and  0  per  cent  effective  against  Stron- 
gylus and  Cylicostonmm.  In  passing,  it  may  be  noted  that  the 
small  number  of  bots  present  in  this  horse  is  correlated  with  the 
fact  that  this  animal  had  not  been  on  pasture  the  previous  sum- 
mer, but  had  been  kept  in  the  stable  or  allowed  in  a  bare  lot  for 
exercise.  The  inflammation  of  the  gastric  mucosa,  following 
treatment,  had  almost  entirely  subsided. 

Horse  No.  1091  was  also  given  2  4-dram  doses  of  carbon  bisul- 
phide at  a  2-hour  interval.  On  the  succeeding  days  this  horse 
passed  bots  as  follows:     0,  7,  13,  6,  4,  2,  2,  0,  1,  0,  0,  0,  0,  0 ; 
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total  35  belts.  This  horse  also  ])assecl  3  ascarids.  but  the  exact 
date  was  not  recorded.  The  horse  was  killed  the  fourteenth  day 
after  treatment  and  had  no  bots  or  ascarids  post-mortem;  it  had 
hundreds  of  Strongylus  spp.  and  numerous  Cylicostomum  spp.,  but 
no  pinworms.  The  treatment  was  therefore  100  per  cent  effective 
against  bots  and  ascarids,  but  0  per  cent  effective  against  Stron- 
gylus and.  apparently,  Cylicostomum.  There  are  no  conclusions 
regarding  pinworms,  as  these  were  not  present.  There  had  been 
some  inflammation  in  the  cardiac  stomach,  but  this  had  almost 
entirely  subsided  at  the  time  of  necropsy. 

Horse  No.  897  was  also  given  2  4-dram  doses  of  carbon  bisul- 
phide at  a  2-hour  interval.  On  the  succeeding  days,  this  horse 
passed  no  bots.  At  some  date  it  passed  1  or  2  ascarids,  but,  owing 
to  a  misunderstanding,  no  records  of  the  number  of  worms  or  the 
date  were  kept.  The  horse  was  killed  on  the  fourteenth  day  after 
treatment  and  was  found  to  have  no  bots.  There  was  1  live  ascarid 
in  the  small  intestine.  The  horse  had  4  pinworms,  numerous 
Strongylus  and  some  Cylicostomum.  The  treatment  was  not 
entirely  successful  against  ascarids  in  this  case,  removing  1  or 
more  and  leaving  1.  This  is  probably  due  to  the  worm  being  in 
the  lower  ileum  and  the  drug  being  largely  absorbed  before  reach- 
ing the  site  of  the  worm.  The  treatment  was  0  per  cent  effective 
against  pinworms,  Strongylus  and,  apparently,  Cylicostomum. 
There  are  no  conclusions  in  regard  to  bots,  as  there  were  none 
present.  This  freedom  from  bots  is  correlated  with  the  fact  that 
this  animal  had  been  kept  off  pasture  the  preceding  summer.  The 
stomach  of  this  animal  showed  evidence  of  an  inflammation,  in  the 
cardiac  portion,  that  had  almost  entirely  subsided. 

Horse  No.  1100  was  given  3  doses  of  3  drams  each  of  carbon 
bisulphide  at  ]-hour  intervals.  On  the  succeeding  days  this  horse 
passed  the  following:  0  bots,  0  ascarids;  31  bots.  4  ascarids;  58 
bots,  2  ascarids;  29  bots,  0  ascarids;  14  bots,  0  ascarids;  13  bots, 
0  ascarids ;  total  145  bots,  6  ascarids.  The  horse  was  killed  the 
sixth  day  after  treatment  and  had  15  dead  bots  in  the  large  in- 
testine and  no  ascarids  anywhere.  There  were  4  pinworms,  hun- 
dreds of  Strongylus  spp.  and  some  Cylicostomum  spp.  The  treat- 
ment was  therefore  100  per  cent  effective  against  bots  and  ascarids 
and  0  per  cent  effective  against  pinworms,  Strongylus  spp.  and 
Cylicostomum  spp.  A  considerable  portion  of  the  cardiac  stomach 
was  highly  inflamed. 
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Horse  No.  1106  was  given  the  same  treatment,  3  doses  of  3 
drams  each  at  1-hour  intervals.  On  the  succeeding  days  this 
horse  passed  the  following:  0  hots,  0  ascarids ;  17  bots,  1  ascarid  ; 
12  bots,  1  ascarid ;  T  hots,  0  ascarids ;  G  bots,  0  ascarids ;  1  hot, 

0  ascarids  ;  0  bots,  0  ascarids  ;  0  bots,  0  ascarids  ;  0  bots,  0  ascarids  ; 

1  hot,  0  ascarids ;  total  41  bots,  2  ascarids.  After  the  tenth  day  no 
parasites  were  passed.  The  animal  was  killed  on  the  seventeenth 
day.  One  dead  hot  was  found  in  the  double  colon  and  no  ascarids 
anywhere.  There  were  numerous  Strongylus,  innumerable  Cyli- 
costoniu})!  and  no  pinworms.  Treatment  was,  therefore,  100  per 
cent  etifective  against  bots  and  ascarids,  and  0  per  cent  effective 
against  Strongylus  and,  apparently,  Cylicostommn.  The  inflam- 
mation of  the  gastric  mucosa  had  almost  entirely  subsided. 

A  consideration  of  the  foregoing  shows  the  following : 
Carbon  bisulphide  has  a  dependable  efficacy  of  approximately 
100  per  cent  against  bots  and  ascarids,  the  two  common  and  im- 
portant parasites  occurring  in  the  anterior  portion  of  the  diges- 
tive tract,  i.  e.,  the  stomach  and  small  intestine,  of  the  horse.  In 
our  animals,  the  bots  were  mostly  Gastropliilus  nasalis,  with  a  few 
G.  henwrrholdalis ;  the  ascarids  were  the  common  Ascaris  equorum 
{A.  mcgaloccphala).  In  our  experiments,  it  was  uniformly  100 
per  cent  effective  against  bots,  removing  all  of  690  bots  from 
the  6  infested  animals,  and  usually  95  to  100  per  cent  effective 
against  ascarids,  removing  (approximately)  91  of  !>4  worms  from 
the  8  infested  animals,  or  almost  97  per  cent. 

Carbon  bisulphide  gives  as  good  results  in  1  ii-dram  dose  as 
in  2  4-dram  doses  or  3  3-dram  doses,  and  it  is  likely  that  the 
smaller  sum  total  of  drug  in  the  one  dose  is  to  be  preferred  to  the 
greater  total  in  several  doses,  especially  as  the  gastric  lesions 
seem  less  pronounced  with  the  1  dose.  It  is  quite  possible  that 
further  experiment  will  show  that  a  single  dose  even  smaller  than 
6  drams  will  be  adequate.  Dove  (1918)  found  that  young  bots 
could  be  killed  by  carbon  bisulphide  in  45  minutes,  while  last- 
stage  larvae  required  almost  3^/2  hours,  G.  intcstinalis  being  more 
resistant  than  other  species.  The  question  as  to  whether  carbon 
bisulphide  in  one  dose  remains  in  the  stomach  long  enough  to 
remove  the  bots,  and  perhaps  remains  as  much  as  3^  hours,  would 
seem  to  be  answered  in  the  affirmative  by  the  success  of  our  1-dose 
treatment. 
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Carlxm  bisulphide  given  without  purgation  will  remove  the 
bets,  but  they  will  usually  not  be  found  in  the  manure  for  the 
first  21  hours  after  treatment,  and  the  maximum  number  are  apt 
to  be  in  the  manure  of  the  third  day,  and  may  be  in  that  of  the 
fourth  day  after  treatment.  Dead  hots  may  be  passed  for  10 
days  and  others  may  still  be  present  in  the  large  intestine  17  days 
after  treatment.  Where  purgation  is  employed,  bots  may  come 
away  in  the  first  2-1  hours,  according  to  Dove  (1918),  usually  the 
following  day,  however,  and  may  come  away  for  5  days,  according 
to  the  findings  of  Hall  (1917)  and  Dove  (1918). 

Ascarids  usually  come  away  on  the  second  and  third  day,  but 
may  come  away  as  late  as  the  eighth  day. 

Carbon  bisulphide  is  of  no  value  against  worms  in  the  pos- 
terior portion  of  the  digestive  tract,  the  cecum,  colon  and  rectum, 
i.  e.,  against  pinworms,  Strongylns  and  Cylicostonium.  This  is 
perhaps  due  to  the  rapid  absorption  of  the  drug  in  the  stomach 
and  small  intestine,  and  this  may  account  for  the  occasional  escape 
of  an  ascarid  located  in  the  lower  portion  of  the  small  intestine. 
The  simultaneous  administration  of  linseed  oil  might  serve  to 
carry  the  carbon  bisulphide  in  solution  down  the  intestine  more 
rapidly,  increasing  its  efficacy  against  ascarids.  Whether  it  would 
cause  the  removal  of  any  worms  from  the  large  intestine  is  doubt- 
ful. Hall  (1919)  has  reported  two  experiments  where  a  20-mil 
dose  of  carbon  bisulphide,  or  two  such  doses  at  2-hour  intervals, 
followed  in  1^^  to  2^/2  hours  by  800  mils  of  linseed  oil,  entirely 
failed  to  remove  any  strongyles   from  horses. 

In  this  connection,  it  may  be  said  that  the  carbon  bisulphide 
is  soluble  in  oils,  but  is  practically  insoluble  in  water;  Dove  (1918) 
is  in  error  in  stating :  "The  carbon  bisulphide,  being  soluble  in 
water,  evidently  reaches  all  portions  of  the  stomach,  either  as  a 
gas  or  in  solution."  A  common  laboratory  test  for  iodine  is  that 
employing  a  discrete  undissolved  bubble  of  CS2  at  the  bottom  of 
an  aqueous  solution. 

Obviously,  adequate  anthelmintic  treatment  for  removal  of  all 
the  common  species  of  worms  and  bots  from  the  horse  would 
require  consecutive  treatments  with  carbon  bisulphide  and  oil  of 
chenopodium,  the  two  anthelmintics  now  known  to  be  dependable 
for  the  purpose. 

The  lesion  due  to  carbon  bisulphide  given  in  hard   capsules 
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consists  in  inflammation  in  tlie  cardiac  portion  of  the  stomach, 
usually  over  an  area  the  size  of  a  man's  hand  or  larger.  This 
inflammation,  when  present,  subsides  almost  entirely  in  the  course 
of  two  weeks.  The  fact  that  horse  No.  1094  had  a  normal  stom- 
ach on  the  third  day  after  treatment  with  1  G-dram  dose,  sug- 
gests that  this  single-dose  treatment  occasions  less  local  damage 
than  repeated  doses ;  certainly  the  amount  of  toxic  drug  absorbed 
is  less. 
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That  chloroform  is  valuable  as  an  anthelmintic  for  remov- 
ing hookworms — what  we  may  call  an  iincinaricide — has  been 
claimed  by  Allesandrini  on  the  basis  of  clinical  experience 
with  human  patients,  and  has  been  experimentally  shown  in 
tests  against  hookworms  of  the  dog  by  Schultz  and  by  Hall 
and  Foster.  Chloroform  is  a  constituent,  and  the  active 
uncinaricidal  ingredient,  of  Hermann's  mixture,  which  contains 
chloroform  and  castor  oil  combined  with  oleoresin  of  male 
fern  or  oil  of  eucalyptus,  and  is  also  present  in  a  number  of 
proprietary  and  trade  preparations. 

In  experiments  on  dogs,  Hall  and  Foster  found  that  0.1  m. 
p.  k.  (mil  per  kilo)  was  too  small  a  dose  for  this  drug,  and 
experiments  in  this  laboratory  indicate  that  at  least  0.2  or  0.3 
m.  p.  k.  should  be  used.  This  naturally  raises  the  question 
as  to  whether  chloroform  is  a  safe  drug  to  use  and  what  consti- 
tutes a  safe  therapeutic  dose  and  a  lethal  dose. 

It  has  long  been  known  that  the  administration  of  chloro- 
form to  produce  anesthesia  was  sometimes  followed  by  a  de- 
layed poisoning  in  which  pathological  alterations  of  the  liver 
were  a  prominent  condition,  sometimes  accompanied  by  degen- 
erations of  the  kidneys  and  heart.  Bevan  and  Favill  referred 
the  toxic  efifects  of  delayed  chloroform  poisoning  to  toxins 
which  could  not  be  eliminated  from  the  liver  cells.  They 
noted  the  presence  in  the  blood  and  urine  of  acetone,  diacetic 
acid  and  betaoxybutyric  acid.  Opie  and  Alford  found  that 
fats  increased  in  susceptibility  to  chloroform  poisoning,  while 
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carbohydrates  afforded  a  measure  of  protection  against  it, 
which  accords  with  the  clinical  experience  of  English  sur- 
geons. Offergeld  thought  that  death  in  delayed  chloroform 
poisoning  is  due  to  nephrolysis,  as  a  result  of  the  action  of 
the  chloroform  on  the  kidney  cells.  Wells  thought  that  the 
liver  changes  are  due  to  the  effect  on  the  liver  of  poisons  that 
destroy  the  synthetic  functions  of  the  liver  cells  without 
destroying  their  autolytic  ferments,  with  a  resultant  autolysis 
of  the  liver  cells,  indicated  by  the  presence  of  free  amino 
acids,  purins.  proteoses,  peptones  and  polypeptids  in  the  liver. 
Whipple  and  Hurwitz  have  found  that  fibrinogen  may  be 
almost  eliminated  from  the  circulating  blood  in  chloroform 
poisoning,  subsequently  reappearing  after  the  repair  of  the 
liver,  which  takes  place  usually  within  10  days.  Whipple  and 
Sperry  find  that  chloroform  anesthesia  for  one  or  two  hours 
invariably  causes  some  central  liver  necrosis  and  note  that 
chloroform  anesthesia  for  35  minutes  in  man  may  cause  almost 
complete  liver  necrosis  with  a  fatal  termination  ;  the  essen- 
tial change  is  extensive  necrosis  and  fatty  degeneration  of 
the  liver ;  there  may  be  numerous  ecchymoses  and  hemor- 
rhages into  the  peritoneum  and  upper  intestinal  tract ;  the 
pancreas  may  show  fat  necrosis  and  ecchymoses ;  in  preg- 
nancy there  may  be  placental  necrosis  with  separation  and 
hemorrhages ;  the  liver  necrosis  is  microscopically  visible  only 
after  6  to  10  hours ;  they  find  that  dogs  die  in  1  to  4  days, 
with  symptoms  of  intoxication  and  vomiting,  sometimes  vom- 
iting blood.  Schoenhof  has  summarized  39  cases  of  delayed 
chloroform  poisoning  in  man,  of  which  17  recovered  and  12 
were  fatal.     He  cites  some  experiments  on  dogs  as  follows : 

Dog  1,  weighing  5.5  kilos,  was  given  T  mils  of  chloroform 
(a  little  over  1.27  m.  p.  k.)  ;  after  5  minutes  dog  was  restless, 
salivated  and  staggering;  recovered  in  a  half  hour.  Next 
day,  this  dog  was  given  20  mils  of  chloroform  (a  little  over 
3.63  m.  p.  k.)  ;  symptoms  more  pronounced,  dog  vomiting  and 
falling;  dullness,  sleepiness  and  vomiting  of  blood  lasted  2 
days;  dog  recovered.  This  animal's  total  dose  was  practically 
5  mils  per  kilo. 

Dog  3,  weighing  4.5  kilos,  was  given  50  mils  of  a  mixture 
of   absolute   alcohol    (28   i)arts),   chlorf^form    (40    ])arts),   and 
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camphor  (20  parts)  ;  died  in  !•")  minutes,  'llie  chloroform  dosage 
here  is  5  mils  per  kilo,  without  considerini^  the  other  drugs 
used,  and  the  other  drugs  must  have  contributed  largely  to 
the  toxic  effects. 

Dog  4,  a  medium-sized  dog  (he  regards  a  dog  weighing 
5.5  kilos  as  a  medium-sized  dog  in  a  previous  experiment ; 
Hall  and  Wigdor  found  a  10-kilo  dog  to  be  the  average  size) 
was  given  35  mils  of  chloroform  (about  6  m.  p.  k.  apparently)  ; 
dog  vomited  and  was  dull ;  the  next  day  the  dog  was  given 
a  mixture  of  5  mils  of  alcohol  and  30  mils  of  chloroform 
(apparently  about  3.6  m.  p.  k.)  and  died  almost  immediately. 
Apparently  this  dog  had  almost  10  mils  per  kilo,  in  addition 
to  the  alcohol. 

Graham  believes  that  the  necrosis  following  chloroform  is 
due  to  its  breakdown  in  the  body  with  the  formation  of  hydro- 
chloric acid,  a  l)elief  supported  by  the  increase  of  salts  in  the 
urine  and  by  the  inability  of  ether  and  chloral  hydrate  to 
parallel  the  changes  caused  by  chloroform,  dichlormethane 
and  tetrachlormethane  ;  alkalis  inhibit  the  production  of  these 
lesions.  Farquhar  has  used  sodium  bicarbonate  by  mouth,  by 
rectum,  subcutaneously  and  intravenously,  in  a  very  serious 
case  of  delayed  chloroform  poisoning  in  man,  with  recovery, 
which  bears  out  Graham's  findings.  Jensen  finds  adrenalin 
valuable  in  cases  of  chloroform  poisoning.  Whipple  and 
Speed  find  that  in  normal  animals  the  liver  eliminates  from 
45  to  65  per  cent  of  the  phenoltetrachlorphthalein  injected 
intravenously,  but  where  the  liver  is  damaged,  as  by  chloro- 
form, phthalein  appears  in  the  urine;  in  one  of  their  experi- 
ments, a  21-pound  dog  (a  little  less  than  10  kilos)  was  given 
15  mils  of  chloroform,  followed  4^  hours  later  by  10  mils 
additional,  a  total  of  over  2.5  mils  per  kilo;  the  dog  was  still 
alive  4  days  afterward  (no  further  data  given).  Simonds 
finds  that  feeding  sugar  in  cases  of  phosphorus  or  chloroform 
poisoning  furnishes  easily  oxidized  material  to  the  liver,  in 
which  the  glycogen  is  depleted,  inhil)iting  autolysis. 

It  appears  from  the  experiments  noted  in  the  foregoing, 
that  dogs  may  survive  the  oral  administration  of  5  mils  of 
chloroform  per  kilo  of  body  weight,  when  given  in  2  doses 
on  successive  days.    Evidently  doses  of  0.3  mils  per  kilo  should 
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be  readily  tolerated  as  a  therapeutic  dose  of  chloroform  by 
dogs  in  reasonably  good  condition. 

The  following  experiments  were  performed  in  this  labora- 
tory : 

Dog  No.  19,  weighing  22  kilos,  was  given  chloroform  at 
the  rate  of  0.1  m.  p.  k.  in  30  mils  of  castor  oil.  The  dog  passed 
no  worms ;  was  killed  the  fourth  day ;  had  1  ascarid,  3  hook- 
worms, and  12  tapeworms.  Efficacy  against  ascarids,  hook- 
worms and  tapeworms,  0  per  cent.  Digestive  tract  in  bad 
condition. 

Dog  No.  12,  weighing  G  kilos,  was  given  chloroform  at  the 
rate  of  0.2  m.  p.  k.  in  30  mils  of  castor  oil.  The  dog  passed  7 
hookworms ;  was  killed  the  fourth  day  after  treatment ;  had  1 
hookworm  and  6  tapeworms  postmortem.  Efficacy  against 
hookworms,  8T.5  per  cent;  against  tapeworms,  0  per  cent.  Di- 
gestive tract  in  good  condition. 

Dog  No.  89,  weighing  9  kilos,  was  given  chloroform  at  the 
rate  of  0.2  m.  p.  k.  in  30  mils  of  castor  oil.  The  dog  passed  6 
hookworms;  was  killed  the  twentieth  day;  had  75  hookworms 
and  3  ascarids.  Efficacy  against  hookworms,  7  per  cent; 
against  ascarids,  0  per  cent.    Digestive  tract  in  good  condition. 

Dog  No.  115,  weighing  10.5  kilos,  was  given  chloroform 
at  the  rate  of  0.3  m.  p.  k.  in  30  mils  of  castor  oil.  The  dog 
passed  2  hookworms ;  was  killed  the  fifth  day ;  had  2  hook- 
worms postmortem.  Efficacy  against  hookworms,  50  per 
cent.     Digestive  tract  in  fair  condition. 

Dog  No.  118,  weighing  12.5  kilos,  was  given  chloroform 
at  the  rate  of  0.3  m.  p.  k.  in  30  mils  of  castor  oil.  The  dog 
passed  1  hookworm ;  was  killed  the  seventh  day ;  had  2  hook- 
worms, 3  whipworms  and  43  tapeworms  postmortem.  Effi- 
cacy against  hookworms,  33  per  cent ;  against  whipworms  and 
tapeworms,  0  per  cent.     Digestive  tract  in  fair  condition. 

Dog  No.  58,  weighing  3  kilos,  was  given  chloroform  at  the 
rate  of  0.4  m.  p.  k.  in  30  mils  of  castor  oil.  The  dog  passed 
no  worms ;  died  the  second  day  after  treatment ;  had  no  worms 
postmortem.  Digestive  tract  in  bad  condition.  This  dog  was 
a  weak  pup,  which  accounts  for  its  failure  to  tolerate  this  dose. 

Dog  No.  83,  weighing  9.5  kilos,  was  given  chloroform  at 
the  rate  of  0.4  m.  p.  k.  in  30  mils  of  castor  oil,  and  5  hours 
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the  pars  tuberalis  was  snipped  off,  making  certain  that  no  pars 
tuberahs  fluids  or  tissues  were  included  with  the  anterior  lobe  as 
fed.  Each  rat  was  given  a  portion  equal  to  about  one-sixth  of 
the  entire  lobe  (approximately  250  mgm.).  As  a  control  certain 
of  the  rats  were  fed  beef  muscle.  A  portion  of  the  muscle  was 
freed  from  all  loose  fat  and  was  then  divided  into  portions  approx- 
imately equal  in  weight  to  the  portions  of  anterior  lobe.  All  the 
rats  in  series  3  were  killed  with  ether  after  six  and  one-half 
weeks  of  feeding.  The  body  weights  and  lengths  were  re- 
corded. The  entire  female  genital  tract  was  dissected  out  down 
to  the  trigone  and  preserved  intact.  The  sex  organs  were  then 
fixed  in  Bouin's  fluid  and  dehydrated  in  alcohols.  When  in  80 
per  cent  alcohol  each  testis  (together  with  the  corresponding 
epididymis)  was  weighed  separately.  The  female  genital  tract 
was  weighed  as  a  whole.  The  tissues  were  completely  dehydrated, 
cleared  with  xylol,  embedded  in  parafiin.  and  cut  5  micra  thick. 
The  sections  were  stained  with  Heidenhain's  iron  hematoxylin 
and  eosin. 

DISCUSSION. 

Puberty  occurs  in  the  white  rat  from  sixty  to  ninety  days 
after  birth  (13).  The  rats  of  experiments  1  and  2  were  then 
barely  approaching  the  normal  time  of  puberty  after  six  and  one- 
half  and  five  and  one-half  weeks  of  feeding.  This  stage  cor- 
responds roughly  to  the  end  of  the  second  or  beginning  of  the 
third  growth  cycle  described  by  Robertson  for  white  mice.  Com- 
parison of  the  weights  at  this  stage  shows  a  small  but  well 
defined  increase  in  weight  in  the  anterior-lobe-fed  groups  over 
all  other  groups.  This  is  in  agreement  with  Robertson  and 
Delprat,  who  conclude  that  anterior  lobe  feeding  stimulates 
growth  during  the  second  development  cycle. 

The  rats  of  experiment  3  were  born  in  the  same  litter  and  allow 
more  exact  comparisons.  Here  also  the  anterior-lobe-fed  sur- 
passed the  other  animals  at  the  age  of  nine  weeks  (after  six  and 
one-half  w^eeks  of  feeding).  The  difference  is  even  more 
marked  in  this  experiment  owing  to  the  greater  uniformity 
of  the  animals. 

After  twelve  weeks  of  feeding  all  the  females  had  given  birth 
to  at  least  one  litter  or  were  in  some  stage  of  pregnancy.     The 
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rats  had.  therefore,  all  passed  puberty.  .\t  this  stage,  also,  the 
anterior-lobe-fed  males  were  heavier  than  any  of  the  others,  the 
difference  being  greater  than  at  the  age  of  puberty.  This  observa- 
tion is  contrary  to  Robertson's  conclusions  that  after  puberty  the 
administration  of  anterior  lobe  to  vv^hite  mice  produces  a  prelim- 
inar}-  retardation  of  growth.  The  seeming  inconsistency  may  be 
due  to  a  possible  difference  in  the  relative  lengths  of  the  growth 
cycles  of  white  mice  and  white  rats. 

The  nose-to-anus  lengths  recorded  show  that  the  anterior- 
lobe-fed  rats  were  considerably  larger  than  either  the  con- 
trols or  the  pars-tuberalis-fed  rats.  The  increased  weights  noted 
in  the  case  of  the  anterior-lobe-fed  rats  are,  then,  due  to  an  in- 
creased skeletal  growth.  This  conclusion  is  in  keeping  with  the 
increased  skeletal  growth  noted  in  cases  of  pathologic  hyper- 
pituitarism. 

While  the  anterior-lobe-fed  rats  were  growing  faster  than  the 
controls,  the  pars-tuberalis-fed  animals  were  losing  ground.  In 
all  three  experiments  the  pars-tuberalis-fed  rats  were  markedly 
smaller  than  the  controls.  This  was  even  more  constant  and  more 
marked  than  the  overgrowth  of  the  anterior-lobe-fed  animals.  It 
should  be  remarked,  however,  that  the  pars-tuberalis-fed  rats  were 
not  stricth'  controlled.  The  rats  of  the  other  groups  received  daily 
a  quantity  of  muscle  or  glandular  tissue  weighing  approximately 
250  mgm.,  while  the  tuberalis-fed  rats  were  given  only  a  minute 
portion  of  tissue  weighing  but  5  to  10  mgm. 

It  is  evident  that  the  accelerated  growth  reported  by  previous 
observers  as  following  anterior  lobe  feeding  has  not  been  due  to 
any  admixture  of  pars  tuberalis  substance,  inasmuch  as  the  same 
effects  are  produced  by  anterior  lobe  material  known  to  be  free 
from  other  parts  of  the  gland,  and  inasmuch  as  no  overgrowth  is 
induced  by  feeding  pars  tuberalis  alone.  The  apparent  retarda- 
tion of  growth  must  be  further  studied  before  it  is  to  be  definitely 
ascribed  to  pars  tuberalis  feeding. 

In  addition  to  its  action  on  the  process  of  growth,  the  anterior 
lobe  is  known  to  control,  to  some  extent  at  least,  the  development 
of  the  reproductive  system.  The  effects  of  anterior  lobe  feedings 
on  the  sexual  organs  may  be  evaluated  by  a,  study  of  the  organs 
themselves,  or  b,  date  of  birth  of  the  first  litter.  Both  methods 
have  been  used  in  this  studv. 
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The  testes  of  the  anterior-lobe-fed  male  (experiment  3)  were 
markedly  larger  than  those  of  the  other  males,  weighing  nearly 
twice  as  much  as  the  controls.  Upon  section  it  was  found,  as  re- 
ported by  Goetsch.  that  all  of  the  tissues  in  the  testicle  are  involved 
in  the  hyperplasia  l)ut  that  the  increase  in  size  and  weight  is  chiefly 
attributable  to  changes  in  the  seminiferous  tubules.  The  female 
organs  were  also  better  developed,  although  the  gross  difiference 
was  not  so  marked. 

The  genital  organs  of  the  pars-tuberalis-fed  rats  could  not, 
however,  be  distinguished  from  those  of  the  controls.  The  slightly 
greater  weight  of  the  control  organs  is  within  the  limits  of  indi- 
vidual variation  and  is  explained  as  concomitant  to  the  larger  size 
of  the  control  animals.  Microscopical  examination  of  both  testes 
and  ovaries  revealed  no  difference  between  those  of  the  pars- 
tuberalis-fed  and  control  rats. 

In  normal  healthy  rats  the  first  copulation  occurs  shortly  after 
the  sex  glands  become  histologically  mature.  Thus  the  date  of 
birth  of  the  first  litter  is  a  good  criterion  of  the  relative  maturity 
of  two  groups  of  animals.  During  the  ninth  week  of  feeding  it 
became  evident  that  several  of  the  anterior-lobe-fed  animals  were 
pregnant,  while  none  of  the  controls  were  showing  signs  of  preg- 
nancy. This  observation  was  borne  out  by  the  fact  that  three 
anterior-lobe-fed  females  gave  birth  to  the  first  litters  two  weeks 
before  any  of  the  control  litters  were  born.  The  females  evidenc- 
ing this  sexual  precocity  were  not  larger  than  the  slower  controls 
at  the  calculated  date  of  impregnation,  i.  e.,  the  sexual  develop- 
ment had  been  more  rapid  than  the  somatic. 

The  pars-tuberalis-fed  and  control  females  dropped  their  lit- 
ters during  the  same  period  of  time,  averaging  more  than  two 
weeks  after  the  anterior-lobe-fed  females.  In  keeping  with  the 
microscopical  evidence  afforded  by  experiment  3,  the  births  in  this 
experiment  show  that  the  pars-tuberalis-feedings  do  not  alter  the 
sexual  development  or  function  of  the  white  rat. 

SUMMARY  AND  CONCLUSIOXS. 

One  hundred  young  rats  were  separated  into  three  groups. 
The  first  group  was  fed  upon  i)ars  anterior  proprior  of  the  pituitary 
gland,  the  second  upon  pars  tuberalis,  and  the  third  or  control 
group  upon  beef  muscle.     During  twelve  weeks  of   feeding  the 
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rats  of  the  first  group  exhibited  increased  growth  rate  accom- 
panied by  a  more  rapid  development  of  the  reproductive  system, 
evidenced  by  gross  and  microscopical  hypertrophy  of  the  organs 
and  by  the  earlier  birth  of  young.  In  the  second  (pars  tuberalis 
fed)  group  there  was  no  change  in  the  sexual  development  as  com- 
pared with  that  of  the  control  group.  The  growth  rate  was  slightly 
slower  in  the  second  group,  owing  perhaps  to  the  smaller  amount 
of  meat  fed. 

This  study  has  not  shown  that  any  of  the  functions  ascribed 
to  the  anterior  lobe  as  a  whole  are  due  to  the  pars  tuberalis. 

I  wish  to  express  my  indebtedness  to  Dr.  Wayne  J.  Atwell  for 
his  valuable  assistance  in  the  preparation  of  this  paper. 
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By  critical  experimental  methods,  i.  c,  treatment  followed  by 
careful  examination  of  the  manure  and  post-mortem  examination, 
it  has  been  found  by  Hall  (1917)  that  carbon  bisulphide  is  appar- 
ently 100  per  cent  effective  against  bots ;  by  the  same  methods,  it 
has  been  found  by  Hall,  Wilson  and  Wigdor  (1918)  that  some 
of  the  common  anthelmintics  are  not  adequately  effective  against 
ascarids  in  the  horse,  even  such  drugs  as  oil  of  chenopodium, 
highly  ascaricidal  for  ascarids  in  other  hosts,  falling  far  short  of 
100  per  cent  efficacy.  Using  these  same  critical  methods,  we  find 
that  carbon  bisulphide,  in  addition  to  being  100  per  cent  effective 
in  removing  bots,  is  almost  that  effective  in  removing  ascarids. 
This  drug  has  been  used  heretofore  against  ascarids  in  the  horse, 
but  in  the  absence  of  critical  tests,  its  real  efficacy  was  a  prob- 
lematical quality.  We  are  now  able  to  report  that  in  carbon  bisul- 
phide we  have  a  dependable  remedy  for  the  refractory  ascarid  of 
the  horse.  This  information  fills  a  distinct  gap  in  our  knowledge 
of  dependable  treatments  for  parasites  of  the  horse,  and  in  con- 
nection with  the  findings  of  Hall,  Wilson  and  Wigdor  (1918)  to 
the  effect  that  oil  of  chenopodium,  i)roperly  used,  is  approximately 
100  per  cent  effective  against  strongyles,  cylicostomes  and  pin- 
worms  in  the  horse,  it  establishes  the  topic  of  anthelmintic  treat- 
ment for  the  common  parasites  of  the  digestive  tract  of  the  horse 
on  a  sound  basis  of  tested  and  dependable  drugs. 


*Read  before  the  Southeastern   Michigan  Veterinary  Medical  Association,  Detroit, 
Mich.,  April  9,  1919. 
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Our  method  was  the  same  as  that  used  by  Hall,  Wilson  and 
Wigdor.  The  horses  were  dosed  by,  and  the  fasting,  feeding  and 
care  of  manure  supervised  by,  one  of  us  (Smead).  The  exam- 
ination of  the  manure  for  worms  and  bots  passed  and  the  post- 
mortem examination  of  the  digestive  tract  were  made  by  Hall, 
Smead  and  Wolf,  assisted  by  J.  R.  Stafford.  No  effort  was 
made  to  detect  cylicostomes  in  the  manure  or  to  count  them  post- 
mortem. However,  if  cylicostomes  had  been  present  in  the  manure 
to  any  extent  they  would  probably  have  been  detected,  and  it  is 
our  opinion  that  practically  none  were  passed. 

Food  was  removed  from  8  horses  at  noon,  March  10,  191!),  and 
the  animals  were  given  their  first,  or  their  only,  treatment  with 
carbon  bisulphide  in  hard  capsules  about  8  :30  the  next  morning. 
No  purgatives  were  given.  In  view  of  the  new  data  relative  to 
the  time  required  for  dead  bots  and  worms  to  pass  from  a  horse 
under  these  conditions,  we  give  the  protocols  rather  fully. 

Horse  No.  109 J:  was  given  6  drams  of  carbon  bisulphide  in  1 
dose.  On  the  succeeding  days,  in  their  order,  this  horse  passed 
the  following:  1  hot,  0  ascarids  ;  2  bots.  0  ascarids  ;  58  bots,  1 
ascarid ;  total  61  bots,  1  ascarid.  The  horse  was  killed  the  third 
day  after  treatment  and  had  105  dead  bots  and  5  dead  ascarids 
in  the  large  intestine  on  their  way  out.  The  drug  removed  166 
bots  and  6  ascarids,  leaving  none  in  the  stomach  or  small  intes- 
tine. This  horse  had  85  pinworms,  hundreds  of  Strongylus  spp. 
and  thousands  of  Cylicostomum  spp.  The  treatment  was  there- 
fore 100  per  cent  effective  against  bots  and  ascarids  and  0  per 
cent  effective  against  pinworms,  Strongylus  spp.  and  Cylicosto- 
mum spp.  (We  assume  from  the  number  of  cylicostomes  left, 
together  with  the  failure  to  remove  Strongylus  and  pinworms, 
that  the  treatment  was  an  entire  failure  against  cylicostomes,  even 
though  the  manure  was  not  closely  examined  to  see  if  any  of  these 
were  passed,  j     The  stomach  and  small  intestine  were  normal. 

Horse  No.  1093  was  also  given  6  drams  of  carbon  bisulphide 
in  1  dose.  On  the  succeeding  days  this  horse  passed  bots  as  fol- 
lows :  0  bots  ;  8  bots  ;  70  bots  ;  ?T  bots ;  36  bots ;  48  bots  ;  33  bots  ; 
5  bots ;  2  bots ;  total,  279  bots.  I'his  horse  passed  2  ascarids  on 
the  third  day  after  treatment  and  2  or  3  at  a  later  day ;  owing  to 
a  misunderstanding,  exact  records  were  not  kept  for  these  worms. 
The  horse  was  killed  the  ninth  dav  after  treatment  and  had  2  bots 
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in  the  double  colon  and  no  ascarids  anywhere.  This  horse  had  1 
pinwonn,  hundreds  of  Stroiigylus  spp.  and  some  Cylicostomum 
spp.  The  treatment  was  therefore  100  per  cent  effective  against 
bots  and  ascarids  and  0  per  cent  effective  against  pinworms, 
Strongylus  spp.  and  Cylicostomum  spp.  The  stomach  showed  a 
healing  inflamed  area  in  the  cardiac  portion. 

Horse  No.  1092  was  given  4  drams  of  carbon  bisulphide  at  1 
dose  and  this  dose  was  repeated  2  hours  later.  On  the  succeed- 
ing days,  in  their  order,  this  horse  passed  the  following :  0  bots, 
0  ascarids ;  0  bots,  1  ascarid ;  0  bots,  4  ascarids ;  total,  0  bots,  5 
ascarids.  The  horse  was  killed  the  third  day  after  treatment  and 
had  no  bots  anywhere ;  it  had  2  live  ascarids  in  the  small  intestine 
and  38  dead  ones  in  the  large  intestine.  There  were  9  Strongylus 
spp.,  some  Cylicostomum  spp.  and  no  pinworms.  The  treatment 
was  therefore  over  95  per  cent  effective  against  ascarids  and  U  per 
cent  effective  against  Strongylus  and  Cylicostounim  spp.;  no  data 
regarding  bots  and  pinworms,  as  these  parasites  were  not  present. 
Cardiac  stomach  was  inflamed  and  showed  adherent  mucous 
exudate. 

Horse  No.  823  was  also  given  2  4-dram  doses  of  carbon  bisul- 
phide at  a  2-hour  interval.  On  the  succeeding  days  this  horse 
passed  the  following :  1  hot,  0  ascarids ;  0  bots,  2  ascarids ;  1  hot, 
10  ascarids  ;  1  hot,  4  ascarids ;  0  bots,  6  ascarids ;  0  bots,  3  ascarids  ; 
0  bots,  0  ascarids;  0  bots,  1  ascarid;  total  3  bots,  26  ascarids. 
Subsequent  to  the  eighth  day  after  treatment,  no  bots  or  ascarids 
were  passed.  The  horse  was  killed  on  the  seventeenth  day  after 
treatment  and  had  no  bots  or  ascarids  anywhere.  There  were 
hundreds  of  Strongylus,  thousands  of  Cylicostomum  and  no  pin- 
worms. The  treatment  was,  therefore,  100  per  cent  effective 
against  bots  and  ascarids,  and  0  per  cent  effective  against  Stron- 
gylus and  Cylicostomum.  In  passing,  it  may  be  noted  that  the 
small  number  of  bots  present  in  this  horse  is  correlated  with  the 
fact  that  this  animal  had  not  been  on  pasture  the  previous  sum- 
mer, but  had  been  kept  in  the  stable  or  allowed  in  a  bare  lot  for 
exercise.  The  inflammation  of  the  gastric  mucosa,  following 
treatment,  had  almost  entirely  subsided. 

Horse  No.  1091  was  also  given  2  4-dram  doses  of  carbon  bisul- 
phide at  a  2-hour  interval.  On  the  succeeding  days  this  horse 
passed  bots  as  follows:     0,  7,  13,  6,  4,  2,  2,  0,  1,  0,  0,  0,  0,  0 ; 
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total  35  bots.  This  horse  also  passed  ->  ascarids.  but  the  exact 
date  was  not  recorded.  The  horse  was  killed  the  fourteenth  day 
after  treatment  and  had  no  bots  or  ascarids  post-mortem;  it  had 
hundreds  of  Strongylus  spp.  and  numerous  Cylicostomum  spp.,  but 
no  pinworms.  The  treatment  was  therefore  100  per  cent  effective 
against  bots  and  ascarids,  but  0  per  cent  effective  against  Stron- 
gylus and,  apparently,  Cylicostomum.  There  are  no  conclusions 
regarding  pinworms,  as  these  were  not  present.  There  had  been 
some  inflammation  in  the  cardiac  stomach,  but  this  had  almost 
entirely  subsided  at  the  time  of  necropsy. 

Horse  No.  897  was  also  given  2  4-dram  doses  of  carbon  bisul- 
phide at  a  2-hour  interval.  On  the  succeeding  days,  this  horse 
passed  no  bots.  At  some  date  it  passed  1  or  2  ascarids.  but,  owing 
to  a  misunderstanding,  no  records  of  the  number  of  worms  or  the 
date  were  kept.  The  horse  was  killed  on  the  fourteenth  day  after 
treatment  and  was  found  to  have  no  bots.  There  was  1  live  ascarid 
in  the  small  intestine.  The  horse  had  -i  pinworms,  numerous 
Strongylus  and  some  Cylicostomum.  The  treatment  was  not 
entirely  successful  against  ascarids  in  this  case,  removing  1  or 
more  and  leaving  1.  This  is  probably  due  to  the  worm  being  in 
the  lower  ileum  and  the  drug  being  largely  absorbed  before  reach- 
ing the  site  of  the  worm.  The  treatment  was  0  per  cent  effective 
against  pinworms,  Strongylus  and,  apparently,  Cylicostomum. 
There  are  no  conclusions  in  regard  to  bots,  as  there  were  none 
present.  This  freedom  from  bots  is  correlated  with  the  fact  that 
this  animal  had  been  kept  off  pasture  the  preceding  summer.  The 
stomach  of  this  animal  showed  evidence  of  an  inflammation,  in  the 
cardiac  portion,  that  had  almost  entirely  subsided. 

Horse  No.  1100  was  given  3  doses  of  3  drams  each  of  carbon 
bisulphide  at  1-hour  intervals.  On  the  succeeding  days  this  horse 
passed  the  following :  0  bots,  0  ascarids ;  31  bots,  4  ascarids ;  58 
bots,  2  ascarids ;  29  bots,  0  ascarids ;  14  bots,  0  ascarids ;  13  bots, 
0  ascarids ;  total  145  bots,  6  ascarids.  The  horse  was  killed  the 
sixth  day  after  treatment  and  had  15  dead  bots  in  the  large  in- 
testine and  no  ascarids  anywhere.  There  were  4  pinworms,  hun- 
dreds of  Strongylus  .spp.  and  some  Cylicostom,um  spp.  The  treat- 
ment was  therefore  100  per  cent  effective  against  bots  and  ascarids 
and  0  per  cent  effective  against  pinworms,  Strongylus  spp.  and 
Cylicostomum  spp.  A  considerable  portion  of  the  cardiac  stomach 
was  highly  inflamed. 
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Horse  No.  HOG  was  given  the  same  treatment,  3  doses  of  3 
drams  each  at  1-hour  intervals.  On  the  succeeding  days  this 
horse  passed  the  following:  0  hots,  0  ascarids  ;  17  bots.  1  ascarid  ; 
12  bots,  1  ascarid;  7  bots,  0  ascarids;  6  bots,  0  ascarids;  1  bot. 

0  ascarids ;  0  bots,  0  ascarids ;  0  bots,  0  ascarids ;  0  bots,  0  ascarids  ; 

1  bot,  0  ascarids ;  total  4J:  bots,  2  ascarids.  After  the  tenth  day  no 
parasites  were  passed.  The  animal  was  killed  on  the  seventeenth 
day.  One  dead  bot  was  found  in  the  double  colon  and  no  ascarids 
anywhere.  There  were  numerous  Strongylus,  innumerable  Cyli- 
costoiiium  and  no  pinworms.  Treatment  was,  therefore,  100  per 
cent  effective  against  bots  and  ascarids,  and  0  per  cent  effective 
against  Strongylus  and,  apparently,  Cylicostommii.  The  inflam- 
mation of  the  gastric  mucosa  had  almost  entirely  subsided. 

A  consideration  of  the  foregoing  shows  the  following : 
Carbon  bisulphide  has  a  dependable  efficacy  of  approximately 
100  per  cent  against  bots  and  ascarids,  the  two  common  and  im- 
portant parasites  occurring  in  the  anterior  portion  of  the  diges- 
tive tract,  i.  c,  the  stomach  and  small  intestine,  of  the  horse.  In 
our  animals,  the  bots  were  mostly  Gastrophilus  nasalis,  with  a  few 
G.  heniorrhoidalis ;  the  ascarids  were  the  common  Ascaris  equorum 
(A.  mcgaloccphala).  In  our  experiments,  it  was  uniformly  100 
per  cent  effective  against  bots,  removing  all  of  690  bots  from 
the  6  infested  animals,  and  usually  95  to  100  per  cent  effective 
against  ascarids,  removing  (approximately)  91  of  '.»4  worms  from 
the  8  infested  animals,  or  almost  97  per  cent. 

Carbon  bisulphide  gives  as  good  results  in  1  (J-dram  dose  as 
in  2  4-dram  doses  or  3  3-dram  doses,  and  it  is  likely  that  the 
smaller  sum  total  of  drug  in  the  one  dose  is  to  be  preferred  to  the 
greater  total  in  several  doses,  especially  as  the  gastric  lesions 
seem  less  pronounced  with  the  1  dose.  It  is  quite  possible  that 
further  experiment  will  show  that  a  single  dose  even  smaller  than 
6  drams  will  be  adequate.  Dove  (1918)  found  that  young  bots 
could  be  killed  by  carbon  bisulphide  in  45  minutes,  while  last- 
stage  larvae  required  almost  3^^  hours,  G.  infestinolis  being  more 
resistant  than  other  species.  The  question  as  to  whether  carbon 
bisulphide  in  one  dose  remains  in  the  stomach  long  enough  to 
remove  the  bots,  and  perhaps  remains  as  much  as  3^/2  hours,  would 
seem  to  be  answered  in  the  affirmative  by  the  success  of  our  1-dose 
treatment. 
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Carbon  bisulphide  given  without  purgation  will  remove  the 
bots.  but  they  will  usually  not  be  found  in  the  manure  for  the 
first  24  hours  after  treatment,  and  the  maximum  number  are  apt 
to  be  in  the  manure  of  the  third  day,  and  may  be  in  that  of  the 
fourth  day  after  treatment.  Dead  bots  may  be  passed  for  10 
days  and  others  may  still  be  present  in  the  large  intestine  17  days 
after  treatment.  Where  purgation  is  employed,  bots  may  come 
away  in  the  first  24  hours,  according  to  Dove  (1918),  usually  the 
following  day,  however,  and  may  come  away  for  5  days,  according 
to  the  findings  of  Hall  (1917)  and  Dove  (1918). 

Ascarids  usually  come  away  on  the  second  and  third  day,  but 
may  come  away  as  late  as  the  eighth  day. 

Carbon  bisulphide  is  of  no  value  against  worms  in  the  pos- 
terior portion  of  the  digestive  tract,  the  cecum,  colon  and  rectum, 
i.  e.,  against  pinworms,  Strongylus  and  Cylicostomum.  This  is 
perhaps  due  to  the  rapid  absorption  of  the  drug  in  the  stomach 
and  small  intestine,  and  this  may  account  for  the  occasional  escape 
of  an  ascarid  located  in  the  lower  portion  of  the  small  intestine. 
The  simultaneous  administration  of  Unseed  oil  might  serve  to 
carry  the  carbon  bisulphide  in  solution  down  the  intestine  more 
rapidly,  increasing  its  efficacy  against  ascarids.  Whether  it  would 
cause  the  removal  of  any  worms  from  the  large  intestine  is  doubt- 
ful. Hall  (1919)  has  reported  two  experiments  where  a  20-mil 
dose  of  carbon  bisulphide,  or  two  such  doses  at  2-hour  intervals, 
followed  in  1^  to  2^  hours  by  800  mils  of  linseed  oil,  entirely 
failed  to  remove  any  strongyles   from  horses. 

In  this  connection,  it  may  be  said  that  the  carbon  bisulphide 
is  soluble  in  oils,  but  is  practically  insoluble  in  water;  Dove  (1918) 
is  in  error  in  stating :  "The  carbon  bisulphide,  being  soluble  in 
water,  evidently  reaches  all  portions  of  the  stomach,  either  as  a 
gas  or  in  solution."  A  common  laboratory  test  for  iodine  is  that 
employing  a  discrete  undissolved  bubble  of  CS.,  at  the  bottom  of 
an  aqueous  solution. 

Obviously,  adequate  anthelmintic  treatment  for  removal  of  all 
the  common  species  of  worms  and  bots  from  the  horse  would 
require  consecutive  treatments  with  carbon  bisulphide  and  oil  of 
chenopodium,  the  two  anthelmintics  now  known  to  be  dependable 
for  the  purpose. 

The  lesion  due  to  carbon  bisulphide  given  in  hard   capsules 
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consists  in  intianinialion  in  the  cardiac  portion  of  the  stomach, 
usually  over  an  area  the  size  of  a  man's  hand  or  larger.  This 
inflammation,  when  present,  subsides  almost  entirely  in  the  course 
of  two  weeks.  The  fact  that  horse  No.  10*J4  had  a  normal  stom- 
ach on  the  third  day  after  treatment  with  1  6-dram  dose,  sug- 
gests that  this  single-dose  treatment  occasions  less  local  damage 
than  repeated  doses;  certainly  the  amount  of  toxic  drug  absorbed 
is  less. 
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That  chloroform  is  vakiable  as  an  anthelmintic  for  remov- 
ing hookworms — what  we  may  call  an  uncinaricide — has  been 
claimed  by  Allesandrini  on  the  basis  of  clinical  experience 
with  human  patients,  and  has  been  experimentally  shown  in 
tests  against  hookworms  of  the  dog  by  Schultz  and  by  Hall 
and  Foster.  Chloroform  is  a  constituent,  and  the  active 
uncinaricidal  ingredient,  of  Hermann's  mixture,  which  contains 
chloroform  and  castor  oil  combined  with  oleoresin  of  male 
fern  or  oil  of  eucalyptus,  and  is  also  present  in  a  number  of 
proprietary  and  trade  preparations. 

In  experiments  on  dogs,  Hall  and  Foster  found  that  0.1  m. 
p.  k.  (mil  per  kilo)  was  too  small  a  dose  for  this  drug,  and 
experiments  in  this  laboratory  indicate  that  at  least  0.2  or  0.3 
m.  p.  k.  should  be  used.  This  naturally  raises  the  question 
as  to  whether  chloroform  is  a  safe  drug  to  use  and  what  consti- 
tutes a  safe  therapeutic  dose  and  a  lethal  dose. 

It  has  long  been  known  that  the  administration  of  chloro- 
form to  produce  anesthesia  was  sometimes  followed  by  a  de- 
layed poisoning  in  which  pathological  alterations  of  the  liver 
were  a  prominent  condition,  sometimes  accompanied  by  degen- 
erations of  the  kidneys  and  heart.  Bevan  and  Favill  referred 
the  toxic  effects  of  delayed  chloroform  poisoning  to  toxins 
which  could  not  be  eliminated  from  the  liver  cells.  They 
noted  the  presence  in  the  blood  and  urine  of  acetone,  diacetic 
acid  and  betaoxybutyric  acid.  Opie  and  Alford  found  that 
fats  increased  in  susceptibility  to  chloroform  poisoning,  while 
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carbohydrates  afforded  a  measure  of  protection  against  it, 
which  accords  with  the  clinical  experience  of  English  sur- 
geons. Offergeld  thought  that  death  in  delayed  chloroform 
poisoning  is  due  to  nephrolysis,  as  a  result  of  the  action  of 
the  chloroform  on  the  kidney  cells.  Wells  thought  that  the 
liver  changes  are  due  to  the  effect  on  the  liver  of  poisons  that 
destroy  the  synthetic  functions  of  the  liver  cells  without 
destroying  their  autolytic  ferments,  with  a  resultant  autolysis 
of  the  liver  cells,  indicated  by  the  presence  of  free  amino 
acids,  purins,  proteoses,  peptones  and  polypeptids  in  the  liver. 
Whipple  and  Hurwitz  have  found  that  fibrinogen  may  be 
almost  eliminated  from  the  circulating  blood  in  chloroform 
poisoning,  subsequently  reappearing  after  the  repair  of  the 
liver,  which  takes  place  usually  within  10  days.  Whipple  and 
Sperry  find  that  chloroform  anesthesia  for  one  or  two  hours 
invariably  causes  some  central  liver  necrosis  and  note  that 
chloroform  anesthesia  for  35  minutes  in  man  may  cause  almost 
complete  liver  necrosis  with  a  fatal  termination ;  the  essen- 
tial change  is  extensive  necrosis  and  fatty  degeneration  of 
the  liver ;  there  may  be  numerous  ecchymoses  and  hemor- 
rhages into  the  peritoneum  and  upper  intestinal  tract ;  the 
pancreas  may  show  fat  necrosis  and  ecchymoses ;  in  preg- 
nancy there  may  be  placental  necrosis  with  separation  and 
hemorrhages;  the  liver  necrosis  is  microscopically  visible  only 
after  6  to  10  hours ;  they  find  that  dogs  die  in  1  to  4  days, 
with  symptoms  of  intoxication  and  vomiting,  sometimes  vom- 
iting blood.  Schoenhof  has  summarized  29  cases  of  delayed 
chloroform  poisoning  in  man,  of  which  17  recovered  and  13 
were  fatal.     He  cites  some  experiments  on  dogs  as  follows : 

Dog  1,  weighing  5.5  kilos,  was  given  7  mils  of  chloroform 
(a  little  over  1.27  m.  p.  k.)  ;  after  5  minutes  dog  was  restless, 
salivated  and  staggering;  recovered  in  a  half  hour.  Next 
day,  this  dog  was  given  20  mils  of  chloroff)rm  (a  little  over 
3.63  m.  p.  k.)  ;  symptoms  more  pronounced,  dog  vomiting  and 
falling;  dullness,  sleepiness  and  vomiting  of  blood  lasted  2 
days;  dog  recovered.  This  animal's  total  dose  was  practically 
5  mils  per  kilo. 

Dog  3,  weighing  4.5  kilos,  was  given  50  mils  of  a  mixture 
of   absolute   alcohol    C28   parts),   chloroform    (40   parts),   and 
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camphor  {20  parts)  ;  died  in  1')  minutes.  The  chloroform  dosage 
here  is  5  mils  ])er  kilo,  without  considering  the  other  drugs 
used,  and  the  other  drugs  must  have  contributed  largely  to 
the  toxic  effects. 

Dog  4,  a  medium-sized  dog  (he  regards  a  dog  weighing 
5.5  kilos  as  a  medium-sized  dog  in  a  previous  experiment; 
Hall  and  Wigdor  found  a  10-kilo  dog  to  be  the  average  size) 
was  given  35  mils  of  chloroform  (about  6  m.  p.  k.  apparently)  ; 
dog  vomited  and  was  dull ;  the  next  day  the  dog  was  given 
a  mixture  of  5  mils  of  alcohol  and  20  mils  of  chloroform 
(apparently  about  3.G  m.  p.  k.)  and  died  almost  immediately. 
Apparently  this  dog  had  almost  10  mils  per  kilo,  in  addition 
to  the  alcohol. 

Graham  believes  that  the  necrosis  following  chloroform  is 
due  to  its  breakdown  in  the  body  with  the  formation  of  hydro- 
chloric acid,  a  belief  supported  by  the  increase  of  salts  in  the 
urine  and  by  the  inability  of  ether  and  chloral  hydrate  to 
parallel  the  changes  caused  by  chloroform,  dichlormethane 
and  tetrachlormethane  ;  alkalis  inhibit  the  production  of  these 
lesions.  Farquhar  has  used  sodium  bicarbonate  by  mouth,  by 
rectum,  subcutaneously  and  intravenously,  in  a  very  serious 
case  of  delayed  chloroform  poisoning  in  man,  with  recovery, 
which  bears  out  Graham's  findings.  Jensen  finds  adrenalin 
valuable  in  cases  of  chloroform  poisoning.  Whipple  and 
Speed  find  that  in  normal  animals  the  liver  eliminates  from 
45  to  ()5  per  cent  of  the  phenoltetrachlorphthalein  injected 
intravenously,  but  where  the  liver  is  damaged,  as  by  chloro- 
form, phthalein  appears  in  the  urine;  in  one  of  their  experi- 
ments, a  21-pound  dog  (a  little  less  than  10  kilos)  was  given 
15  mils  of  chloroform,  followed  4^4  hours  later  by  10  mils 
additional,  a  total  of  over  2.5  mils  per  kilo;  the  dog  was  still 
alive  4  days  afterward  (no  further  data  given).  Simonds 
finds  that  feeding  sugar  in  cases  of  phosphorus  or  chloroform 
poisoning  furnishes  easily  oxidized  material  to  the  liver,  in 
which  the  glycogen  is  depleted,  inhibiting  autolysis. 

It  appears  from  the  experiments  noted  in  the  foregoing, 
that  dogs  may  survive  the  oral  administration  of  5  mils  of 
chloroform  per  kilo  of  body  weight,  when  given  in  2  doses 
on  successive  days.    Evidently  doses  of  0.3  mils  per  kilo  should 
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be  readily  tolerated  as  a  therapeutic  dose  of  chloroform  by 
dogs  in  reasonably  good  condition. 

The  following  experiments  were  performed  in  this  labora- 
tory : 

Dog  No.  19,  weighing  22  kilos,  was  given  chloroform  at 
the  rate  of  0.1  m.  p.  k.  in  30  mils  of  castor  oil.  The  dog  passed 
no  worms ;  was  killed  the  fourth  day ;  had  1  ascarid,  3  hook- 
worms, and  12  tapeworms.  Efficacy  against  ascarids,  hook- 
worms and  tapeworms,  0  per  cent.  Digestive  tract  in  bad 
condition. 

Dog  No.  12,  weighing  6  kilos,  was  given  chloroform  at  the 
rate  of  0.2  m.  p.  k.  in  30  mils  of  castor  oil.  The  dog  passed  7 
hookworms ;  was  killed  the  fourth  day  after  treatment ;  had  1 
hookworm  and  6  tapeworms  postmortem.  Efficacy  against 
hookworms,  8T.5  per  cent;  against  tapeworms,  0  per  cent.  Di- 
gestive tract  in  good  condition. 

Dog  No.  89,  weighing  9  kilos,  was  given  chloroform  at  the 
rate  of  0.2  m.  p.  k.  in  30  mils  of  castor  oil.  The  dog  passed  6 
hookworms ;  was  killed  the  twentieth  day ;  had  75  hookworms 
and  3  ascarids.  Efficacy  against  hookworms,  7  per  cent ; 
against  ascarids,  0  per  cent.    Digestive  tract  in  good  condition. 

Dog  No.  115,  weighing  10.5  kilos,  was  given  chloroform 
at  the  rate  of  0.3  m.  p.  k.  in  30  mils  of  castor  oil.  The  dog 
passed  2  hookworms ;  was  killed  the  fifth  day ;  had  2  hook- 
worms postmortem.  Efficacy  against  hookworms,  50  per 
cent.     Digestive  tract  in  fair  condition. 

Dog  No.  118,  weighing  12.5  kilos,  was  given  chloroform 
at  the  rate  of  0.3  m.  p.  k.  in  30  mils  of  castor  oil.  The  dog 
passed  1  hookworm ;  was  killed  the  seventh  day ;  had  2  hook- 
worms, 3  whipworms  and  43  tapeworms  postmortem.  Effi- 
cacy against  hookworms,  33  per  cent ;  against  whipworms  and 
tapeworms,  0  per  cent.     Digestive  tract  in  fair  condition. 

Dog  No.  58,  weighing  3  kilos,  was  given  chloroform  at  the 
rate  of  0.4  m.  p.  k.  in  30  mils  of  castor  oil.  The  dog  passed 
no  worms;  died  the  second  day  after  treatment;  had  no  worms 
postmortem.  Digestive  tract  in  bad  condition.  This  dog  was 
a  weak  pup,  which  accounts  for  its  failure  to  tolerate  this  dose. 

Dog  No.  83,  weighing  9.5  kilos,  was  given  chloroform  at 
the  rate  of  0.4  m.  p.  k.  in  30  mils  of  castor  oil,  and  5  hours 
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''The  Meyers  hill,  ju-i  introduced  in  Congress,  makinj^  it  a 
crime  to  vivisect  the  do*^,  carries  into  the  open  and  vociferous 
forum  of  puhlic  dehate  a  question  that  has  disturhed  the  friendly 
relations  of  doctors  and  dog-lovers  for  decades. 

"There  are  all  shades  and  degrees  of  opinion  on  the  suhject,  all 
coming  at  last  to  the  prime  consideration  of  whether  it  is  right 
imder  any  circumstances  to  endanger  or  take  the  life  of  one  living 
being  for  the  sake  of  another. 

"So  many  of  the  sound  principles  of  modern  surgery  have 
been  established  by  experimentation  on  dogs,  cats,  monkeys  and 
other  animals,  to  the  very  great  benefit  of  human  beings,  it  will  be 
rather  hard  for  the  anti-vivisectionists  to  hold  their  ground,  par- 
ticularly if  they  are  still  eaters  of  chops  from  the  innocent  lamb 
and  steaks  from  the  cunning  calf.'* 

In  searching  for  a  logical  reason  for  the  animus  against  vivisec- 
tion one  must  conclude  that  it  is  based  on  one  or  the  other  of  two 
ideas;  hr.-t.  that  the  use  of  animals  in  colleges  and  research  labor- 
atories is  unnecessary  and  avoidable;  second,  that  such  use  of 
animals  is  needlessly  cruel  and  inhuman. 

Regarding  the  first  of  these  it  should  be  suf^cient  to  ])oint  out 
that  while  many  of  the  valuable  medicaments  were  undoubtedly 
discovered  and  their  values  determined  by  observation  of  their 
effects  on  humans,  research  men  are  not  now  so  favorably  placed ; 
it  is  rare  indeed  when  one  can  find  a  person  willing  to  be  the  first 
on  whom  a  substance  which  may  or  may  not  be  a  therapeutic  agent, 
shall  be  tried.  The  risk  is  too  great,  for  the  toxicity  may  be  greater 
than  its  medicinal  value. 

Regarding  the  second  of  these,  while  in  some  cases  a  prelim- 
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inary  anesthesia  is  not  possible,  in  a  large  percentage  of  the  cases 
where  animals  are  employed  for  ascertaining  the  effect  of  a  drng. 
the  observation  can  be  made  much  more  carefully,  and  more  ac- 
curate deductions  drawn  if  the  factor  of  pain  be  excluded  entirely. 

It  should  be  noted  further  that  the  use  of  animals  in  research 
is  always  with  the  hope  of  learning  facts  which  \\i\\  be  helpful  in 
relie\4ng  pain  or  sa\'ing  lives,  either  human  or  animal. 

This  cannot  be  said  of  the  great  destruction  of  animal  life  by 
hunters  and  trappers  who  wound  or  kill  for  pleasure  and  only  inci- 
dentally for  protit :  a  profit  which  is  almost  always  personal. 

It  cannot  be  said  of  the  slaughter  of  animals  for  food,  since 
animal  food  is  not  essential  to  life. 

It  cannot  be  said  of  the  slaughter  of  animals  for  bounty,  since 
in  many  cases  the  losses  caused  by  certain  animals  on  whose  head 
a  price  is  set  is  less  than  those  losses  due  to  an  abnormal  increase 
in  the  numbers  of  other  predatory-  animals  which  had  formerly 
been  their  prey. 

Another  point  not  to  be  overlooked  is  that  in  some  cases, 
notably  that  of  using  dogs,  the  demand  for  research  uses  rarely 
equals  the  supply  of  undesirables  which  would  have  been  killed 
w4th  no  useful  return,  while  in  other  cases,  such  as  guinea-pigs, 
rats  and  mice,  the  normal  supply  must  be  constantly  augmented  by 
intensive  breeding,  in  order  to  meet  the  demand  for  research  and 
testing  purposes.  The  use  of  dogs  is  therefore  no  economic  loss, 
and  the  death  no  more  painful  in  general  than  the  form  of  death 
decreed  by  the  municipality. 

General  statements,  such  as  those  made  above,  are  of  little 
%-alue  in  combating  the  untruths  and  half  truths  of  the  anti-\-i\-isec- 
tionist.  In  no  other  way  than  by  a  general  investigation  can  the 
falsitT.-  and  absurdity  of  many  of  their  statements  be  estabHshed. 

It  has  seemed  best  to  meet  the  situation  by  a  history  of  the 
development  of  certain  products,  and  the  methods  of  testing,  to- 
gether with  an  emphasis  on  the  value  to  the  world,  on  the  one 
hand,  of  an  intimate  knowledge  of  the  properties  of  medicinal  sub- 
stances, and  on  the  other  hand  the  benefit  resulting  from  accurate 
knowledge  of  the  life  processes  in  health  and  in  disease.  One  must 
start  with  certain  premises,  such,  for  example,  as  these : 

That  some  medicinal  substances  are  valuable  for  relieving  pain 
or  prolonging  life:  that  other  valuable  agents  may  be  discovered 
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or  developed,  substances  possibly  more  valuable  than  those  with 
which  we  are  familiar ;  that  most  human  lives  are  more  valuable 
than  the  average  animal's  life.  It  follows,  therefore,  that  almost 
any  number  of  animals  might  be  used  in  developing  a  remedy  for 
tuberculosis,  for  example,  which,  in  the  U.  S.  alone,  has  a  toll  of 
150,000  lives  yearly. 

There  is  still  another  side  to  the  picture — the  saving  of  animal 
life.  Hog  cholera  in  one  year,  in  one  State  of  the  Union,  caused  a 
loss  of  nearly  3,000,000  hogs,  while  one  hog,  when  hyperimmunized 
with  the  virus,  will  supply  serum  sufificient  to  immunize  100  hogs. 

The  disease  of  rinderpest  in  South  Africa  has  been  practically 
exterminated  by  following  the  information  gained  from  animal 
experimentation.  It  is  a  disease  from  which  hundreds  of  thou- 
sands of  cattle  died  annually,  but  the  antivivisectionist  sees  only 
the  rabbits  that  were  inoculated  to  study  the  disease  and  the  reme- 
dial measures,  while  the  suffering  and  death  among  millions  of 
infected  cattle  are  overlooked. 

What  is  the  answer?  What  of  experiments  to  eliminate  Texas 
fever  in  cattle,  white  scours  in  calves,  chicken  cholera,  dog  distem- 
per? When  a  disease  causes  an  economic  loss  and  waste  of  val- 
uable life,  experiments  are  undertaken  to  eHminate  or  control  the 
disease,  whether  it  is  human  or  animal  life.  Vivisection  in  its 
broader  application  therefore  saves  the  lives  of  thousands  of  ani- 
mals to  one  that  it  takes. 

Antitoxin  for  diphtheria  required  the  use  of  a  large  number  of 
animals  before  it  was  perfected,  but  its  use  has  reduced  the  mor- 
tality from  over  80  per  cent,  to  under  20  per  cent,  of  those  attacked. 
While  in  some  cases  improved  hygienic  measures  may  be  equally 
responsible  with  the  remedial  agent  for  a  lowered  death  rate,  there 
is,  practically,  no  other  treatment  for  diphtheria  than  the  admin- 
istration of  antitoxin. 

In  preparing  antitoxin  by  developing  it  in  the  horse's  blood,  a 
certain  number  of  horses  are  valueless  for  this  purpose  because 
the  immune  bodies  will  not  develop  or  will  acquire  (mly  a  nominal 
potency.  How  is  this  to  be  determined?  On  your  child  or  mine? 
Or  is  it  more  humane  to  standardize  the  serum  on  guinea-pigs  and 
by  this  means  eliminate  antitoxin  of  low  potency  which  is  indistin- 
guishable from  a  potent  sam])le  Ijy  any  known  test  excei)t  that  on 
the  living  animal  or  human  being? 
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Recently  in  the  daily  ])ress.  we  read  of  the  men  who,  in  the  in- 
terests of  the  army  as  a  whole,  served  as  a  means  of  demonstrating; 
whether  or  not  trench  fever  is  transmissihle  by  "cooties."  While 
this  disease  may  not  he  res^arded  in  the  same  category  as  some, 
during  the  war  it  involved  discomfort  and  i)ossible  death  to  many 
a  soldier.  This  method  of  study  was  necessary  because  it  is  impos- 
sible by  animal  experiment  to  demonstrate  the  correctness  of  the 
theory. 

The  world  i)roclaims  as  a  hero  the  physician  who  risks  his  life 
to  verify  certain  facts,  such  as  the  transmissibility  of  yellow  fever 
and  malaria  by  the  bite  of  the  mosquito.  If  it  were  possible  to  stib- 
stitute  the  life  of  a  dog  or  a  horse  for  that  of  the  man  with  equal 
benefit  to  the  world,  would  it  be  difficult  to  choose?  The  average 
person  would  say  that  the  physician  was  the  more  valuable  to  the 
community  and  the  world. 

The  natives  of  Africa  were  able  to  make  their  weapons  more 
effective  by  dipping  the  arrow  points  into  a  jjoison  prepared  from 
certain  seeds,  finely  ground,  and  partially  extracted.  Careful  study 
of  this  poison  on  animals  revealed  the  fact  that  it  has  a  peculiar 
effect  on  the  heart,  causing,  in  sublethal  doses,  a  slowing  and 
strengthening  of  the  heart-beat. 

In  certain  cardiac  diseases,  where  the  pulse  is  weak  and  ra])id, 
it  is  logical  to  use  stro])hanthus,  the  arrow  poison,  to  counteract 
the  abnormal  condition.  No  statistics  could  be  collected  to  show 
the  value  of  this  remedial  agent,  discovered  by  the  hunter  and 
developed  l:)y  the  pharmacologist,  the  vivisector,  Init  its  constant 
use  indicates  its  importance.  Today,  although  its  j^lace  is  secure 
as  one  of  the  most  valuable  of  the  heart  tonics.  stro])hanthus  still 
exacts  a  certain  toll  of  lives.  Why?  Because  the  ])hysician  pre- 
fers that  some  almost  worthless  frogs  should  die  than  that  he 
should  use  an  overdose  of  this  powerful  drug. 

One  of  the  most  valuable  phases  of  animal  experimentation  is 
the  elimination  of  harmful  and  of  valueless  drugs,  giving  the  phy- 
sician greater  assurance  of  obtaining  the  desired  results  from 
administration  of  remedies.  From  this  also  has  resulted  the  sub- 
stitution of  the  pure  principles  for  the  crude  drugs  and  nauseous 
extracts  previously  used. 

It  is  a  common  occurrence  to  find  on  the  market  stro])hanthus 
seed  as  low  in  activity  as  one-fourth  that  of  the  adopted  standard, 
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and.  (Ill  the  other  hand,  iwc  or  three  times  as  aetive  as  this  stand- 
arch  An  under  dose,  as,  for  exani])le,  a  dose  from  a  suh-standard 
preparation,  mi<(ht  be  harmless,  l)ut  if  a  Hfe  were  hanj^in<^  hv  a 
thread  and  required  a  dose  of  an  active  heart  stimulant,  either  a 
highly  potent  or  a  worthless  sample  would  be  equally  fatal.  In  the 
one  case,  the  worthless  .sample  would  not  stimulate  the  heart  mus- 
cles to  the  necessary  activity.  In  the  other,  an  extract  of  an 
excejitionally  potent  lot  of  drug  would  poison  the  heart  by  over- 
stimulation and  just  as  surely  cause  death. 

Ergot  is  another  illustration  of  this.  It  has  been  used  for  cen- 
turies in  aiding  childbirth  and  arresting  hemorrhage,  but  has  suf- 
fered often  from  the  fact  that  it  is  uncertain  in  its  action,  some  ex- 
tracts being  apparently  devoid  of  any  action  on  the  uterus.  Within 
my  memory,  a  German  chemist  put  on  the  market  the  supposedly 
active  principle  called  clavin.  This  substance  might  be  tested  in 
two  ways,  either  in  cases  of  labor  on  human  subjects,  or  by  a  few 
careful  tests  on  anesthetized  animals.  Two  or  three  tests  by  the 
latter  method  were  sufficient  to  show  that  clavin  was  quite  inert. 

Further  chemical,  combined  with  pharmacological,  investiga- 
tions established  the  fact  that  ergot  owes  its  thera])eutic  value  to 
three  active  principles  each  of  which  has  its  well-marked  eiTect  and 
each  of  which  is  equally  essential  to  the  complete  action  of  the 
drug.  Without  animal  experiments  carried  out  in  connection  with 
the  chemical  investigations  the  composition  of  ergot  and  its  rational 
use  would  still  be  uncertain.  Even  with  our  present  knowledge  of 
its  composition  we  are  still  unable  to  standardize  extracts  of  ergot 
except  by  a  physiological  test.  The  usual  test  applied,  however, 
does  not  involve  death,  anesthesia  or  even  suffering  except  the 
prick  of  the  hypodermic  needle. 

The  uncertain  effects  of  extracts  of  cannabis  indica,  before 
phvsiological  experiments  established  the  fact  that  this  is  due  to 
variable  quality,  almost  discredited  the  drug  as  a  therapeutic  agent. 
The  question  may  logically  be  asked  why  chemical  tests  should  not 
be  applied  to  standardize  medicinal  sul)stances.  In  reply  to  this,  it 
may  be  suf^cient  to  say  that  pharmacologic  standardization  (vivi- 
section is  one  of  its  broader  aspects)  is  applied  only  where  the 
active  agent  is  of  such  a  character  that  chemical  tests  cannot  be 
applied.  It  is  a  more  expensive  and  a  less  accurate  means  of  stand- 
ardization and  in  no  case  will  be  retained  after  an  accurate  chemical 
test  has  been  developed. 


294 

IV'llayra.  scur\v.  hcrihcri,  and  some  other  less  well-marked 
diseases  oi  imdeniourishnu'iit.  have  to  a  large  extent  heen  of 
necessity  studied  on  human  suhject.s.  In  that  way  ohservers  have 
learned  that  certain  foods  are  essential,  but  that  certain  forms  of 
food  seem  deficient  in  ncnu'ishment.  In  one  historic  instance  a 
grotip  of  Dr.  Goldberger's  assistants — Ki  in  all,  of  whom  13  were 
physicians — voluntarily  submitted  themselves  to  experiments  in 
order  to  demonstrate  whether  the  symptoms  of  pellagra  could  be 
reproduced  by  any  method  of  infection.  The  materials  used  were 
blood,  nasopharyngeal  secretions,  epidermal  scales  from  skin 
lesions,  urine  and  feces.  These  were  administered  by  injections, 
by  application  to  the  mucosa  of  nose  and  pharynx,  and  by  mouth. 
The  evidence  while  negative  led  to  the  conclusion  that  the  disease 
is  one  due  to  faulty  diet,  x^ssuming  that  a  corrected  diet  will  elim- 
inate one  of  the  worst  scourges  of  the  South,  who  will  deny  that 
these  physiological  experiments  were  worth  while?  On  the  same 
principle  and  even  with  greater  humaneness,  the  use  of  animals 
is  to  be  commended  wherever  such  use  is  possible. 

The  development  of  vitamins  is  another  triumph  in  which 
physiological  studies  have  suggested  the  introduction  of  a  valuable 
therapeutic  agent.  By  experiments  on  pigeons,  rats  and  guinea- 
pigs,  it  is  possible  to  demonstrate  a  life  process  which  could  be 
only  inferred  from  observations  on  humans,  to  prove  that  certain 
foods  are  deficient  although  supposedly  containing  all  the  essential 
constituents.  In  scurvy,  the  lacking  factor  is  found  in  certain 
fresh  foods  or  in  lemon  or  lime  juice;  in  pellagra,  it  is  ap]:)arently 
in  part  the  substance  in  the  shell  or  germ  of  the  corn  which  is  re- 
moved in  milling;  in  beriberi,  it  is  a  loss  of  the  substance  removed 
in  polishing  rice,  or  in  certain  conditions  occurring  when  foods  are 
prepared. 

In  humans,  the  disease  is  slowly  developed  and  responds  only 
slowly  to  treatment,  since  it  is  usually  complicated  by  accompany- 
ing pathological  processes  not  directly  connected  witli  the  disease. 
In  pigeons,  on  the  other  hand,  the  condition  of  polyneuritis  can  be 
developed  in  a  remarkably  short  time  by  a  diet  consisting  largely 
of  polished  rice,  while  the  recovery  from  this  conditif)n  takes  place 
in  only  a  few  hours  when  an  extract  of  the  jjolishings  of  the  rice 
or,  better  still,  an  extract  of  yeast,  is  administered.  The  chemical 
characteristics  of  these  various  therapeutic  agents  are  as  indefinite 
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as  the  exact  status  each  ha.s  in  nutritidii,  but  the  dehciency  of  each 
of  them  in  the  diet  can  now  be  recognized  and  remedial  agents 
suggested,  based  on  the  experiments  conducted  by  a  number  of 
prominent  physiologists,  as  Funk,  Eijkman,  Veddar,  Hopkins, 
Goldberger  and  many  others.  The  possil)le  value  of  this  work  in 
recognizing  and  overcoming  disease  due  to  nutritional  deficiencies 
is  immeasurable. 

Keller,  an  ophthalmologist  of  X'ienna,  in  18S4  tested  the  anes- 
thetizing properties  of  cocaine  on  guinea-pigs,  rabbits  and  dogs. 
After  noting  that  in  these  animals  the  eye  could  be  touched  or 
scratched  without  pain  after  a  2  per  cent,  solution  had  been  dropped 
into  it,  he  tried  the  same  solution  on  man,  and  thus  was  introduced 
into  medicine  a  new  method  of  relieving  pain  and  permitting  of 
operations,  previously  unendurable. 

Cocaine  is  an  exceedingly  valuable  local  anesthetic,  but  it  is 
highly  toxic  and  has  besides  a  habit- forming  action  which  greatly 
restricts  its  use.  As  a  result  of  a  careful  chemical  study  of  its 
composition  and  structure,  combined  with  pharmacological  exper- 
iments on  animals,  it  has  become  possible  entirely  to  eliminate  this 
drug  as  a  local  anesthetic,  substituting  a  substance  almost  equally 
efficient  but  at  the  same  time  much  less  toxic  and  with  no  habit- 
forming  effects.  This  in  itself  would  justify  the  practice  of  vivi- 
section. 

In  many  surgical  operations,  profuse  bleeding  is  almost  un- 
avoidable, even  with  the  utmost  precautions.  Further,  there  are 
many  individuals  whose  blood  is  very  slow  in  coagulating  and  with 
whom  an  operation  is  regarded  as  almost  surely  fatal.  By  the  aid 
of  animal  experimentation  and  from  the  blood  and  tissues  of  other 
animals,  substances  have  been  produced  which  when  introduced 
into  the  circulating  blood  shorten  its  coagulation  time  so  greatly 
that  the  danger  from  excessive  hemorrhage  has  been  largely  elim- 
inated even  in  those  cases  known  as  hemophiliacs. 

Without  vivisection  such  results  could  scarcely  have  been  ob- 
tained. The  dog,  the  horse,  the  cow  and  the  goat  contribute  to  this 
valuable  therapeutic  agent.  The  part  taken  by  the  dog  is  that  of 
test  animal  to  determine  whether  the  active  agents  are  present, 
since  no  known  chemical  test  will  show  whether  they  are  present  in 
an  active  form.  The  dog  is,  therefore,  no  less  essential  in  the  cycle 
of  operations  than  the  other  animals  employed.     There  is  no  ap- 
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parent  reason  why  the  doj^'.  especially  the  stray,  which  spreads  dis- 
ease, contracts  and  transmits  rabies,  kills  sheej)  and  is  rarely  usefnl, 
should  he  protected,  while  an  open  season  exists  for  deer,  quail  and 
trout,  and  there  is  no  closed  season  for  many  animals  more  deserv- 
ing of  protection. 

The  animals  mostly  used  in  pharmacologic  experiments — vivi- 
section, if  you  ])lease  to  call  it  that — are  the  frog,  mouse,  rat, 
guinea-pig,  rahl)it.  dog.  cat  and  monkey.  ()f  these,  the  frog  owes 
its  value  to  the  fact  that  being  a  cold-blooded  animal,  its  isolated 
tissues  survive  a  considerable  time  and  can  therefore  Ije  used,  for 
example,  for  the  study  of  muscular  contraction  and  the  function 
of  the  nerves.  The  guinea-pig.  rat,  mouse  and  rabbit  are  chiefly  of 
value  for  inoctilation  experiments  ;  while  the  cat,  dog  and  monkey 
are  tiseful  particularly  for  experiments  on  the  brain,  central  ner- 
vous system  and  circulatory  system. 

The  dog  is  especially  valuable  in  nutrition  and  digestion  experi- 
ments because  of  its  diet,  which  is  as  varied  as  that  of  man. 
For  many  ]:)urposes  no  other  animal  can  be  used  on  account  of  the 
size  of  the  organs  and  the  convenience  of  handling.  For  blood- 
pressure  experiments  in  studying  the  heart  tonics  of  the  digitalis 
series,  standardizing  extracts  of  the  pituitary  and  su])rarenal 
glands,  testing  the  efficiency  of  hemostatics  and  l)lood-coagulating 
agents,  standardizing  hypnotics,  such  as  cannabis  indica,  chloral, 
chloretone  and  similar  substances,  no  other  animal  is  so  well 
adapted  and  from  no  other  animal  can  the  results  ])e  transferrer! 
directly,  almost  w'ithout  alteration,  to  man. 

Where  pain  would  accompany  the  experiment,  and  when  this 
point  is  not  the  subject  of  the  experiment,  a  preliminary  anesthesia 
with  chloretone  is  usually  applied.  This  general  anesthetic  can  be 
given  internall}-  b\-  mouth  an<l  is  often  so  used.  Complete 
anesthesia,  recognized  by  the  absence  of  reflex  when  the  cornea  is 
touched,  results  in  a  half-hour.  Anesthesia  remains  complete, 
when  the  proper  dose  is  used,  until  death,  the  animal  being  killerl 
at  the  end  of  the  exjjeriment  by  a  lethal  dose  of  digitalis. 

There  are  certain  historical  cases  where  animal  experimentation 
did  not  precede  human  use,  as  for  examjile.  Sir  Robert  Christian- 
son,  w-ho  almost  died  from  eating  Calabar  bean  from  which 
physostigmine  comes;  Koeppe,  who  tried  the  efifects  of  digitoxin 
on  himself,  with  like  restdt.     Chloroform  and  ])ru'^s!c  acid  were 
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also  investigated  with  equally  unpleasant  result"^.     In  some  cases 
deaths  have  occurred,  particularly  in  cases  of  infectious  diseases. 

Animal  experiments  were  used  to  explain  caisson  disease  and 
suggest  means  for  its  prevention  and  remedy,  animals  being  sub- 
jected to  air  pressure  and  the  pressure  applied  and  released  under 
varying  conditions.  Such  experiments  have  also  made  possible  the 
surgical  operations  which  have  done  so  much  to  relieve  pain  and 
prolong  life,  the  human  being  having  the  benefit  of  experience  and 
skill  gained  by  o])erations  on  animals. 

While  ])hysiol()gical  ex])erimentation  and  the  standardization  of 
drugs  require  the  use  of  all  the  animals  mentioned,  the  dog  is  more 
widely  used  and  is  almost  beyond  replacement.  Every  one,  almost 
w-ithout  exception,  regards  the  dog  as  a  highly  intelligent  animal,  a 
fit  companion  for  man.  There  are  few  dogs  used  in  research  lal)- 
oratories  that  would  have  the  appeal  of  Mark  Twain's  "'J'ale  of  a 
Dog"  or  that  would  be  welcomed  by  any  but  the  small  boy.  The 
class  of  dogs  used  in  experiments,  picked  up  by  the  dog-catcher 
and  not  redeemed,  is  almost  without  exception  friendless.  Even 
the  antivivisectionist  would  at  most  feel  only  pity  for  it,  and  with 
proper  recognition  of  the  use  to  which  it  is  put  woidd  ])robably 
realize  that  in  a  remarkably  few  cases  is  any  cruelty  involved  in 
using  it  as  a  test  animal. 

Most  people  will  agree  with  Darwin  in  saying  that  "cruelty  to 
the  lower  animals  is  worthy  of  detestation  and  contempt."  But 
what  is  cruelty?  The  transportation  and  preparation  of  animals 
for  food,  the  method  of  slaughter,  hunting,  fishing,  trapping,  are 
often  cruel  to  an  extreme.  But  they  are  not  condemned.  More 
actual  cruelty  is  prol)ably  i)racticed  in  this  way  in  a  season  than 
occurs  in  all  the  research  laboratories  in  the  world  in  a  year. 
Can  vivisection  be  condemned  and  spr)rt  exonerated? 

The  advancement  of  knowledge,  the  mitigation  of  misery  and 
the  prevention  of  disease  are  surely  infinitely  higher  and  nobler 
motives  for  infliction  of  pain,  when  pain  is  actually  inflicted,  than 
merely  healthful  exercise  and  transient  enjoyment. 

Is  it  logical,  therefore,  to  attempt  legislation  to  limit  and  restrict 
a  form  of  research  so  valuable  to  luankind? 
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The  therapeutics  of  endocrine  glands  constitutes  a  jjliase  of 
medical  practice  which  has  distinctly  sufifercd  from  a  lack  of  cor- 
related laboratory  and  clinical  study.  The  scientific  side  of  en- 
docrinology, as  reflected  by  the  results  of  physiological  and  patho- 
logical investigation,  has  to  a  large  extent  been  divorced  from  the 
application  of  glandular  extracts  on  a  therapeutic  basis.  Experi- 
mental study  has  established  the  relationship  of  various  members 
of  the  endocrine  group  to  both  normal  and  pathological  physiology, 
so  that  it  is  now  possible  to  interpret  definitely  important  symp- 
tom complexes  in  terms  of  internal  secretory  disorders.  Un- 
fortunately, however,  the  therapeutic  aspects  of  the  subject  have 
not  been  guided  by  the  same  scrutinizing  consideration.  Em- 
piricism, rather  than  scientific  study,  has  been  the  outstanding 
factor  in  the  use  of  ductless  glands  in  treatment,  and  this  sort 
of  therapy,  from  being  one  of  the  most  delicate  phases  of  med- 
ical treatment,  has  often  assumed  the  earmarks  of  a  patent- 
medicine  "cure-all." 

This  situation  has  resulted  in  the  development  of  two  abnormal 
viewpoints  on  the  part  of  medical  men  toward  the  therapeutic  ap- 
plication of  glandular  products.  On  the  one  hand  we  have  the  not 
insignificant  proportion  of  medical  practitioners  ready  to  feed  on 
the  last  rumor  or  fad,  whose  soaring  imagination  has  been  quick 
to  embrace  every  wild  hypothesis  advanced  in  connection  with 
glandular  treatment,  and  to  convert  immediately  dubious  con- 
jectures into  established  facts.  In  contradistinction  to  this  class 
we  have  the  other  extreme  of  bald  scepticism,  a  natural  result  of 
the  reaction  on  the  part  of  the  conservative  element  to  the  faddist 
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enthusiasm.  The  last-nientictned  viewpoint  frankly  ([uestions  the 
vaUie  (it  iilan<hilar  therapeutics  except  in  a  tew  clear-cut  api)lica- 
tions  such  as  tlie  thyroid  in  cretinism,  and  the  emi)l(iyment  of 
sujirarenal  and  jiituitary  derivatives  on  a  drug  hasis. 

While  deprecating  the  extravagant  ideas  of  tlie  unhalanced 
enthusiast,  it  must  be  conceded,  on  the  other  hand,  that  there  is 
an  imwarranted  tincttire  of  pessimism  in  certain  of  the  criticisms 
which  have  lieen  leveled  at  glandidar  therapy.  There  are  positive 
as  well  as  negative  facts  to  be  remembered,  and  the  real  usefulness 
of  our  knowledge  of  the  internal  secreting  glands  is  largely  to  be 
measured  by  the  degree  in  which  it  can  be  utilized  in  treatment. 

The  crying  need  of  endocrinology  at  present  is  carefully  con- 
trolled therapeutic  investigation.  While  there  is  a  great  deal  still  to 
be  learned  about  the  physiology  and  pathology  of  these  diseases 
there  is  no  dearth  of  investigation  in  this  direction  ;  indeed,  as 
has  previously  been  suggested,  the  scientific  study  of  the  ductless 
glands  has  been  dominated  by  the  laboratory  investigator,  and 
such  carefully  controlled  study  as  has  been  devoted  to  the  clinical 
side  of  this  question  has  been  almost  entirely  focused  on  the  strik- 
ing and  unusual  types  of  secretory  aberration,  which,  after  all, 
are  probably  the  least  important  in  looking  at  the  therapeutics  of 
these  disorders  from  a  broad  viewpoint.  The  relation  of  endo- 
crine glands  to  such  conditions  as  Graves'  disease  and  acromegaly 
is  interesting,  but  ofifers  very  little  in  the  way  of  practical  thera- 
peutics. On  the  other  hand,  it  seems  probable  that  in  the  less  dis- 
tinct, the  commonly  unrecognized  functional  deficiencies,  lies  an 
important  field  of  glandular  therapy.  The  physician  who  is  trained 
to  recognize  the  less  marked  endocrine  aberrations  is  the  exception 
and  not  the  rule.  By  way  of  illustration  it  may  be  pointed  out 
that  the  diagnosis  of  cretinism  and  myxedema  is  not  diffictilt,  and 
the  results  from  thyroid  treatment  in  their  control  are  definite  and 
generally  accepted.  The  physician  does  not,  however,  meet  with 
cases  of  this  type  with  any  great  frequency,  while  on  the  other 
hand  the  milder  types  of  hypothyrodism  are  by  no  means  uncom- 
mon. 

The  physician  who  has  been  taught  to  recognize  the  thyroid 
deficiencies  will  find  this  factor  associated  in  many  of  the  clinical 
conditions  which  he  is  called  upon  to  treat.  It  may  be  found  as  a 
complicating   factor   in   various   nervous   conrlitions.   in   menstrual 
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disturbances,  in  anemia,  chlorosis,  and  as  a  secondary  factor  in 
various  chronic  diseases.  Thyroid  insufficiency  in  pregnancy  is 
quite  a  common  occurrence.  Cases  of  obesity  exhibiting  physical 
and  mental  sluggishness  and  an  inability  to  maintain  mental  con- 
centration, especially  if  associated  with  a  dry.  cold  skin,  may  be 
attributed  to  hypothyroidism.  Fatigue  from  slight  exertion  in  in- 
dividuals exhibiting  good  muscular  development  niav  be  an  evi- 
dence of  thyroid  insufficiency.  These  less  distinct  types  of  hypo- 
function  constitute  a  much  larger  field  for  glandular  therapeutics 
than  the  well-known  thyroid  sxndronies,  altliough  the  ajjplication 
of  such  treatment  is  not,  of  course,  so  vitally  important. 

Certain  disturbances  of  the  female  generative  system  attril)utable 
to  endocrine  secretor_\-  aberrations  ccjnstitute  another  grou])  of  gen- 
eral interest.  With  the  exception  of  thyroid  therapeutics  there  is, 
perhaps,  no  other  phase  of  endocrinology  in  which  the  relationships 
are  more  definitely  expressed  and  the  opportunitie ;  for  treatment 
more  clearly  indicated.  The  influence  of  ovarian  activity  on  the 
menstrual  function  has  long  been  recognized,  and  finds  expression 
in  many  ways.  More  recently  we  have  come  to  know  that  other 
glands,  especially  the  thyroid,  the  pituitary,  and  the  mammary, 
may  afifect  the  development  or  influence  the  functional  activities  of 
the  sex  organs. 

It  is  not  the  purpose  of  this  paper  to  review  the  physiology  of  or 
to  discuss  the  interrelationships  between  these  various  glandular 
components,  but  merely  to  emphasize  a  few  facts  important  from 
a  therapeutic  standpoint.  Obviously,  the  rational  field  for  glan- 
dular treatment  includes  those  cases  which  are  correlated  with 
secretory  deficiency. 

The  best-known  application  of  ovarian  treatrnent  is  the  use  of 
this  gland  in  its  entirety,  or  more  often  a  preparation  of  the  cor- 
pora lutea,  in  controlling  the  disturbances  incident  to  either  natural 
or  artificial  menopause.  The  results  of  glandular  treatment  in 
these  conditions  are  not  as  consistent  as  we  might  naturally  expect 
in  view  of  the  certainty  that  many  of  the  symptoms,  at  least,  are 
attributable  to  the  disappearance  of  ovarian  secretion.  The  failure 
in  some  of  these  cases  is  undoubtedly  to  be  attributed  to  the  com- 
plicating glandular  factors ;  in  other  words,  the  disturbances  of 
the  menopause,  whether  occurring  physiologically  or  as  the  result 
of  removal  or  destruction  of  the  ovaries,  are  to  be  interpreted  as 
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a  general  disturbance  of  the  endocrine  balance,  in  which  the  dom- 
inating factor  is  subject  to  variation. 

The  results  of  ovarian  treatment  are  undoubtedly  more  consis- 
tent in  certain  disorders  of  the  menstrual  function.  In  so  far  as 
menstruation  depends  upon  ovarian  activity,  we  might  expect  that 
absence  or  scantiness  of  the  menses  would  be  associated  with  se- 
cretory deficienc}',  and  conversely,  that  excessive  or  difficult  men- 
struation would  be  the  expression  of  hyperfunction.  This  is  to 
a  considerable  extent  substantiated  by  clinical  experience,  but  other 
factors  may  be  involved,  especially  in  menorrhagia  or  dysmenor- 
rhea, conditions  in  which  the  secretory  element  is  perhaps  less  im- 
portant than  certain  other  factors. 

The  relation  of  ovarian  activity  is  more  frequent  and  positive 
in  the  disorders  of  the  deficiency  type ;  that  is,  amenorrhea  or  scan- 
ty and  infrequent  menses.  This  group  of  cases  includes  women 
who  are  ])hysically  underdeveloped,  and  whose  menses,  from 
puberty,  have  been  irregular  or  scant ;  those  in  whom  the  menstrual 
function  has  been  normal  but  subsequently  becomes  irregular  or 
deficient,  and  who  perhaps  for  long  periods  of  time  do  not  men- 
struate at  all ;  and  cases  of  amenorrhea  or  scanty  menstruation  as- 
sociated with  hysterical  temperament.  In  these  last  cases  the 
prognosis  of  glandular  therapy  depends  upon  whether  the  hyster- 
ical condition  is  referable  to  glandular  hyposecretion,  or  to  an  in- 
herent instability  of  the  nervous  system.  It  is  not  to  be  expected 
that  organotherapy  will  be  successful  in  controlling  disturbances 
in  cases  in  which  an  inferior  nervous  make-up  is  the  dominating 
factor.  On  the  other  hand,  there  is  no  doubt  that  very  profound 
nervous  distubances,  and  occasionally  psychoses,  may  result  from 
ovarian  insufficiency  during  the  active  sex  period  of  life. 

A  fact  which  is  to  be  considered  in  the  endocrine  treatment  of 
these  patients  is  the  possible  necessity  of  utilizing  some  other  prep- 
aration to  supplement  ovarian  treatment.  This  applies  especially 
to  the  pituitary  and  thyroid  glands.  There  is  a  growing  recog- 
nition of  the  importance  of  the  pituitary  function  in  its  relation  to 
gynecological  conditions.  Absence  or  scantiness  of  tlie  menses, 
accompanied  by  a  rapid  increase  in  weight,  polyuria,  and  marked 
carbohydrate  tolerance,  points  strongly  to  a  pituitary  insufficiency. 
Undoubtedly  the  unsatisfactory  results  M)nietimes  ex])erienced  in 
the  glandular  treatment  of  these  cases  are  atlri1)utabk'  to  the  failure 
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of  the  physician  to  recognize  these  intercurrent  factors.  The  in- 
telligent application  of  glandular  treatment  depends  upon  the  abil- 
ity to  interpret  the  cardinal  symptoms  of  the  important  glandular 
aberrations. 

A  number  of  clinical  reports  have  been  made  from  time  to  lime 
with  regard  to  the  use  of  ovarian  preparations  in  the  treatment  of 
dysmenorrhea.  It  is  difficult  to  understand  why  such  therapy 
should  prove  beneficial.  Undoubtedly  the  majority  of  cases  of 
dysmenorrhea  are  attributable  to  anatomical  lesions  or  defects  of 
the  uterus  or  its  adnexa.  Faulty  development  of  the  internal 
genitalia  accounts  for  a  considerable  percentage.  However,  look- 
ing at  the  question  from  a  standpoint  of  glandular  function,  we 
would  naturally  expect  a  hyperfunction  of  the  ovaries  rather  than 
the  converse ;  in  which  event  ovarian  treatment  would  be  distinctly 
contraindicated.  On  the  other  hand,  it  has  been  suggested  that  in 
some  cases  dysmenorrhea  is  due  to  a  hypersensitive  nervous  system, 
and  that  ovarian  deficiency  predisposes  to  such  a  condition.  Some 
favorable  clinical  reports  have  been  submitted  to  support  this  idea. 
It  must  be  conceded,  however,  that  the  efficacy  of  ovarian  treatment 
in  dysmenorrhea  has  not  been  well  substantiated,  and  that  the  use- 
fulness of  such  treatment  is  to  be  largely  limited  to  the  early  pu- 
beral period  as  an  agent  to  promote  the  development  of  the  internal 
genitalia. 

Menorrhagia,  in  the  majority  of  cases,  is  undoubtedly  attribut- 
able to  organic  conditions,  but  there  is  a  certain  group  associated 
with  excessive  ovarian  activity.  Here  again  ovarian  or  corpora 
lutea  treatment  would  be  distinctly  contraindicated.  It  is  an  in- 
teresting fact  that  mammary  preparations  appear  to  l)e  useful  in 
these  conditions.  That  the  mammary  gland  secretes  a  substance 
which  has  a  neutralizing  effect  on  the  ovarian  secretion  is  fairly 
well  substantiated.  The  abatement  of  the  menses  during  gestation 
and  the  rarity  of  impregnation  during  the  period  of  lactation  are 
illustrations  of  the  relation  existing  between  these  two  glands.  The 
therapeutic  side  of  the  question  has  not  been  exhaustively  studied, 
but  such  clinical  evidence  as  is  available  indicates  that  the  mam- 
mary exerts  a  definite  effect  in  neutralizing  ovarian  hypersecretion. 

These  passing  references  to  a  few  practical  applications  of  glan- 
dular treatment,  not  universally  understood,  are  merely  illustrative. 
Endocrine  therapy  does  offer  the  therapeutic  possibilities  of  un- 
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doubted  importance.  Its  real  usefulness  will  not  l)e  realized,  nor 
its  limitations  appreciated,  until  medical  men  have  abandoned  the 
"cut-and-try  method,"  and  apply  such  treatment,  guided  by  intel- 
lii^cnt  iuterjM'etatinn  of  the  various  Ljlandular  sxndromes. 

.tTG  Hki.kx  Avenuk.  Dktroit. 
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CHLORETONE :  TRICHLORO-TERTIARY-BUTYL 

ALCOHOL.    A  DESCRIPTION  OF  SOME 

OF  ITS  PROPERTIES. 

By  Herbert  C.  Hamilton. 

(From    the    Medical    Research    Laboratories,    Parke,    Davis    &    Co.,    Detroit,    Mich.) 

This  is  a  compound  formed  by  the  direct  union  of  chloroform 
and  acetone,  a  reaction  which  is  initiated  by  a  caustic  alkah.  Will- 
gerodt^  discovered  the  reaction  in  1881  and  produced  the  com- 
pound which  he  called  acetone-chloroform.  When  purified  by 
steam  distillation,  or  when  recrystallized  from  water,  it  melts  at 
80°-81'^  C,  somewhat  higher  when  freed  from  water  by  distil- 
lation. 

Chemical  Properties. — The  empiric  formula  for  chloretone 
shows  it  to  be  apparently  a  direct  combination  of  chloroform  and 
acetone.  Its  structural  formula,  however,  indicates  that  the  com- 
pound takes  on  the  formation  of  an  alcohol  and  thus  accounts  for 
the  chemical  designation  of  trichloro-tertiary-butyl  alcohol.  It  is 
soluble  in  most  organic  solvents  and  oils  and  is  soluble  in  water — 
about  0.8  per  cent. — from  which  it  crystallizes  in  slender,  white 
needles. 

Physiological  Studies. — The  ]:)hysiological  actions  of  this  com- 
pound have  been  studied  by  Abel  and  Aldrich,-  Kossa,"  Vam- 
ossy,*  ^  Houghton  and  Aldrich,  ^  "  demonstrating  its  action  as  a 
local  and  general  anesthetic  and  as  a  hypnotic  and  sedative. 

As  a  General  Anesthetic. — It  has  become  the  general  anesthetic 
of  choice  for  work  on  laboratory  animals,  its  exceptional  value 
depending  upon  the  fact  that  it  is  safe  and  relatively  non-toxic, 
and  that  one  dose  is  sufficient  to  maintain  complete  anesthesia  for 
several  hours  uncomplicated  by  any  serious  efl^ects  on  the  heart  and 
circulatory  system.     This  applies  only  to  such  experimental  work 
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as  involves  an  examination  of  the  jiharniacologic  properties  of  drng 
or  gland  extracts,  for  example,  the  standardization  of  extracts  of 
the  suprarenal  and  jiilnitary  glands  where  the  effect  is  to  raise  the 
blood  pressure,  study  of  the  digitalis  series  of  heart  tonics  which 
affect  primarily  the  circulatory  system,  of  aconite  and  veratrum 
which  are  circulatory  depressants,  of  blood  coagulants  whicli  act 
to  decrease  the  time  of  blood  clotting. 

For  operations  in  which  the  recovery  of  the  patient  is  of  first 
importance,  chloretone  can  be  used  in  conjunction  with  nior])hine 
by  which  complete  anesthesia  can  be  accomplished,  using  a  sublethal 
dose  of  the  chloretone,  but  a  dose  large  enough  to  prolong  the 
anesthesia  over  a  period  of  several  hours.  The  technic  for  such 
work  has  been  well  described  by  Rowe,""  for  while  there  is  no 
difficulty  involved,  attempts  to  apply  this  method  of  anesthesia 
have  not  always  been  successful. 

As  a  Hypnotic  and  Sedative. — Another  very  common  use  made 
of  chloretone  is  to  allay  the  nausea  due  to  seasickness.  This  is 
probably  brought  about,  not  only  by  the  sedative  and  anesthetic 
action  of  the  drug  on  the  stomach  lining,  but  also  by  the  general 
action  on  the  central  nervous  system.  Autopsies  show  that  more 
chloretone  is  found  in  the  brain  than  in  any  other  organ  of  the 
body,  which  is  a  logical  finding  in  view  of  its  exceptional  efficiency 
as  a  general  anesthetic.  While  it  is  a  highly  volatile  product,  it 
appears  not  to  be  eliminated  by  the  lungs  nor  as  such  in  the  urine, 
but  is  finally  decomposed  as  shown  by  an  increase  in  the  chlorides. 
Chloretone  is  regarded  by  the  medical  profession  as  producing  the 
closest  approximation  to  natural  sleep  that  has  yet  been  discov- 
ered, in  its  safety  and  reliability  and  in  the  fact  that  no  unpleasant 
after-effects  are  experienced.  The  substance  is  carried  to  the 
cerebral  tissue  and  profound  sleep  occurs.  After  a  time  as  the 
chloretone  is  gradually  broken  up  and  carried  away  chemical  activ- 
ity is  renewed  in  the  brain  cells  and  the  patient  awakes,  refreshed 
as  from  natural  sleep. 

The  mode  of  administration  seems  to  have  little  influence  on 
its  absorption,  for  animals  kept  in  an  atmosphere  saturated  with 
vaporized  chloretone  are  anesthetized,  in  time  almost  as  completely 
as  if  it  were  administered  internally. 

Insecticidal  Action. — This  action  of  the  vapor  suggested  its  use 
as  a  substitute  for  naphthalene  as  an  insecticide  for  clothes  moths. 
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Experiments  were  carried  out  on  moths,  flies  and  mosquitoes,  which 
showed  that  for  the  latter  insect  chloretone  is  four  times  as  effec- 
tive as  sulphur  fumes  and  almost  as  effective  as  the  latter  for  moths 
and  flies.  It  is  as  effective  for  moths  as  nai)hthalene  without  the 
objectionable  odor  of  the  latter."' 

In  these  experiments  weighed  quantities  of  the  substance  were 
vaporized  in  a  bell  jar  or  in  a  laboratory  hood  of  known  capacity 
and  the  condition  of  the  insects  or  animals  carefully  noted.  It 
requires  four  or  five  hours  to  anesthetize  guinea-pigs,  and  it  is 
necessary  to  volatilize  the  chloretone  slowly,  carrying  the  vapors 
in  with  a  current  of  air.  For  insects  which  require  less  air  the 
rapid  volatilization  in  a  short  time  is  somewhat  more  effective 
than  the  slower  method  because  of  its  prompt  action. 

As  a  Local  Anesthetic. — When  chloretone  is  tested  by  some  of 
the  laboratory  methods  used  for  comparing  local  anesthetics  it  is 
found  to  be  surprisingly  effective.  Tested  on  the  sciatic  nerve  of 
the  frog,  one  of  the  standard  methods  applied  for  substances  of  this 
character  and  compared  to  cocaine  the  results  are  as  follows : 


Chloretone. 
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0.2  per  cent,  solution 

— 

—              ± 

±2 

Cocaine. 

I  per  cent,  solution 

— 

-f- 
+ 

0.5  per  cent,  solution 

Another  test  ap])lied  to  local  anesthetics  is  to  measure  the  an- 
esthetic action  on  the  frog's  skin.  This  is  always  moist  and  is 
comparable  to  the  mucous  membrane.  The  test  is  carried  out  by 
dipping  one  leg  of  the  frog  into  the  solution  to  be  tested,  leaving 
the  other  undipped  as  a  normal  for  control.  After  contact  for  a 
determined  time  both  legs  are  dipped  into  a  very  dilute  solution  of 
HCl — about  1-500.  Anesthesia  can  be  measured  by  finding  the 
maximum  dilution  which  is  effective  and  comparing  with  a  solu- 
tion of  cocaine  of  equal  activity.  The  following  results  were 
obtained  : 


308 
Chloretone. 
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Note. — Minus,   — ,    no    anesthesia.     Plus,    +,    complete    anesthesia.     Plus 
minus,  +,  partial  anesthesia. 


As  an  anesthetic  for  the  mucous  membrane,  therefore,  it  is 
even  better  than  cocaine,  and  in  its  direct  action  on  the  exposed 
nerve,  as  on  the  sciatic  nerve,  the  anesthesia  is  as  prompt  and  as 
lasting  as  that  of  cocaine. 

It  fails,  however,  to  replace  cocaine  because  of  its  low  solubility. 
It  is  precipitated  in  the  tissues  and  is  rather  irritating  and  ineffec- 
tive on  that  account.  Its  local  action  on  the  sense  of  taste  is  shown 
by  the  fact  that  its  rather  bitter  disagreeable  taste  is  only  mo- 
mentary in  the  tnouth,  but  when  the  solution  reaches  the  throat  the 
objectionable  taste  is  again  evident. 

Aside  from  the  wide  applicability  of  chloretone  as  a  general 
anesthetic,  its  most  valuable  property  is  as  a  germicide  and  antisep- 
tic, the  properties  essential  in  a  preservative.  If  the  "bone-dry" 
legislation  keeps  on,  chloretone  will  be  one  of  the  few  preservatives 
left  for  organic  medicinals. 

Germicidal. — As  a  germicide  it  has  a  phenol  coefficient  of  1.2 — 
that  is,  when  tested  by  the  Hygienic  Laboratory  method  of  evaluat- 
ing disinfectants  it  is  as  effective  in  0.8  per  cent,  solution  or  1-120, 
as  phenol  diluted  1  in  100  ;  that  is,  a  culture  of  B.  typhosus  is  killed 
when  exposed  to  the  action  of  either  of  these  two  disinfectants  for 
two  minutes. 

Tests  by  the  A.  P.  H.  A.  Phenol  Coefficient  methocP'*  are  given 
for  chloretone  and  phenol. 
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Germicidal  Experiments. 
Typical  Test  of  Phenol. 
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For  an  antiseptic  test  the  two  latter  organisms  were  inoculated 
in  medium  saturated  with  chloretone.  In  no  case  was  growth 
observed  over  a  period  of  three  weeks.  Tested  against  other  more 
resistant  organisms  it  is  found  that  in  most  cases  to  be  effective  it 
requires  a  longer  time  than  a  disinfectant  can  be  expected  to  act, 
and  therefore  that  it  must  be  classed  as  a  preservative  or  antiseptic 
rather  than  a  germicide.     For  this  purpose,  with  but  few  excep- 


timis.  it  is  ideal ;  e\en  the  hisi^hly  resistant  hay  hacilhis,  B.  subtilis. 
fails  to  dcvcluji  in  a  solution  saturated  with  chlorelone.  In  some 
instances  where  the  solution  is  an  exceptionally  ^ood  medium  for 
the  i^rowth  of  hacteria  it  requires  more  than  4  days  to  become  , 
sterile,  hut  evidence  of  i^rowth  is  not  apparent.  It  is  absolutely 
essential  that  the  container  be  closed  against  the  volatilization  of 
the  chloretone.  and  a  full  container  is  advisable  because  of  the 
tendency  of  chloretone  to  crystallize  on  the  walls  above  the  solu- 
tion. This  may  be  due  to  supersaturation,  but  if  so  it  is  a  condition 
to  be  retained  if  possilile.  Such  a  solution  can  be  obtained  liy 
adding  the  chloretone  in  a  saturated  alcoholic  solution,  by  heating 
the  chloretone  in  water,  or  by  allowing  several  days  for  com]:)lete 
saturation. 

As  a  preservative  against  mould  spores  it  has  not  proved  en- 
tirely satisfactory  for  serums  and  heavy  organic  solutions.  The 
strains  used  in  this  experimental  work  have,  however,  invariably 
failed  to  develop  in  an  agar-bouillon  medium,  but  in  practice  moulds 
occasionallv  appear  showing  either  loss  of  chloretone  through 
volatilization  or  the  presence  of  a  more  resistant  variety.  It  seems 
probable  that  the  occasional  development  of  mould  in  pharmaceu- 
tical |)reparations  preserved  with  this  agent  is  due  to  a  deficiency 
of  the  agent  rather  than  a  more  highly  resistant  mould  because  of 
failure  to  obtain  a  saturated  solution  or  a  decrease  in  the  chloretone 
content  from  other  causes. 

It  is  the  purpose  of  this  paper  to  emphasize  two  of  the  prop- 
erties of  chloretone  which  seem  to  be  exceptionally  valuable  and 
which  should  commend  it  to  laboratory  purposes.  First,  as  a 
general  anesthetic  for  animal  experimentation,  it  has  no  equal 
because  of  its  long-continued  action  and  non-interference  with  the 
circulatory  system.  Second,  as  a  ])reservative  where  its  antiseptic 
and  germicidal  action  can  be  relied  upon  to  prevent  the  develop- 
ment of  bacteria  and  ultimately  to  kill  the  organisms  which  not  only 
impair  the  a])i)earance,  but  also  destroy  the  valuable  properties  of 
organic  solutions.  It  can  be  tised  in  many  cases  where  the  pre- 
servative action  of  alcohol  must  be  eliminated,  and  especially  where 
sterilization  by  heat  is  impracticable  because  of  its  destructive 
action  on  sensitive  organic  com])()unds. 
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STUDIES  ON  ANTHELMINTICS. 

IV.       Experiments     with     Combinations     of     Oil     of     Chenopodium     and 

Chloroform. 

Maurice  C.  Hall.  Ph.D.,  D.V.M. 

(*ParasitoloKist,    Medical    Research    Laboratories.    Parke,    Davis   &    Co..    Detroit,    Mich.) 

Whether  a  combination  of  oil  of  chenopodium  and  chloro- 
form niijL,dit  be  a  valuable  one.  ha.s  been  discussed  by  Hall  and 
Foster.     They  state : 

"Various  writers  have  advocated  the  use  of  chloroform  in 
castor  oil  in  connection  with  oil  of  chenopodium  or  other  anthel- 
mintics, and  some  have  claimed  a  synergistic  action  for  chloro- 
form and  chenopodium.  We  have  not  found  any  convincing  evi- 
dence of  synergistic  action.  Chenopodium  has  a  certain  anthel- 
mintic value  for  hookworms  and  chloroform  has  a  greater  value; 
but  we  have  not  observed  that  the  simultaneous  use  of  the  two 
drugs  adds  to  the  efficiency  of  the  chloroform  alone.  However, 
the  combination  of  chenopodium  and  chloroform  is  a  valuable  one, 
as  the  chenopodium  can  be  expected  to  remove  ascarids,  when 
these  are  present  in  hookworm  cases,  and  ascarids  are  commonly 
present  in  such  cases." 

The  experiments  supporting  the  above  comment  on  the  com- 
bination of  chenopodium  and  chloroform  were  later  published 
by  Hall  and  Foster  as  follows : 

In  one  experiment.  cheno|)odium  was  given  in  the  dose  of 
0.1  mil  per  kilo,  the  single  therapeutic  dose,  daily  for  a  total  of 
6  doses.  It  was  mixed  with  10  times  its  volume  of  olive  oil  and 
preceded  by  castor  oil  in  amount  equal  to  the  olive  oil ;  1  minim 
of  chloroform  per  kilo  body  weight  was  added  to  the  olive  oil- 
chenopodium  mixture  the  first  day  and  to  the  castor  oil  the  fol- 
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lowing  days.  This  treatment  removed  <'s  out  of  8  ascarids  (100 
per  cent),  and  94  out  of  13;5  hookworms  ( 1 1  ])er  cent). 

In  a  second  experiment,  4  dogs  were  each  given  chenopodimn 
and  chloroform,  each  at  the  rate  of  0.1  mil  per  kilo  ;  the  drugs 
were  given  in  castor  oil.  from  12  to  40  mils,  according  to  the 
weight  of  the  dog.  This  treatment  removed  T  out  of  8  ascarids 
(ST.")  jier  cent),  and  only  7  out  of  61  hookworms  ( 11  per  cent). 

In  a  third  experiment,  the  dose  of  each  drug  was  doubled, 
being  given  at  the  rate  of  0.2  mil  per  kilo,  and  in  about  30  mils 
of  castor  oil.  This  treatment  removed  100  per  cent  of  the  ascarids 
and  over  half  of  the  hookworms. 

Hall  and  Foster  state  that  0.1  mil  per  kilo  of  each  of  these 
drugs  is  too  small  a  dose  for  the  best  results.  It  is  the  opinion 
of  Hall,  as  stated  elsewhere,  that  0.1  mil  per  kilo  is  the  proper 
dose  of  oil  of  chenopodium  for  use  against  ascarids,  representing 
a  dose  which  will  seldom  fall  below  100  per  cent  efficacy,  as 
smaller  doses  do  too  frequently,  and  which  is  naturally  less  toxic 
than  larger  doses.  As  for  chloroform,  the  dose  of  this  drug  for 
dogs  should  certainly  be  at  least  0.2  mil  per  kilo,  and  0.3  mil  per 
kilo  is  well  tolerated. 

The  writer  is  now  of  the  opinion  that  under  suitable  conditions 
of  administration,  a  single  dose  of  both  drugs  will  secure  better 
results  than  a  single  dose  of  either  one  alone. 

The  following  experiments  indicate  that  a  single  dose  of  0.1 
m.  p.  k.  of  chenopodium  and  0.2  m.  p.  k.  of  chloroform  gives  very 
satisfactory  results  where  the  two  drugs  are  both  used  in  the  same 
treatment  and  the  chenopodium  is  given  in  the  soft,  or  soluble 
elastic.  ca])sule.  In  these  experiments,  the  dogs  were  given  oil 
of  chenopodium  at  approximately  the  rate  of  0.1  m.  p.  k.,  so  far 
as  the  dose  could  be  approximated  in  the  administration  of  soluble 
elastic  5-  and  10-minim  capsules,  and  were  given  chloroform  at 
the  rate  of  0.2  m.  p.  k.  in  hard  gelatin  capsules.  No.  00.  The 
purgative,  for  which  the  kind  and  amcumt  is  specified,  was  given 
immediately  after  the  other  drugs.  From  what  the  writer  has 
observed  of  the  action  of  these  drugs  under  these  conditions,  the 
chloroform  would  be  very  promptly  released  in  the  stomach ;  such 
purgatives  as  castor  oil  would  rather  promptly  l)egin  to  pass  out 
with  their  chloroform  content,  while  such  oils  as  olive  oil  would 
tend  to  remain  in  the  stomach  a  rather  long  jjeriod  ;  and  the  soluble 


315 


elastic  capsiiks.  wIkmi  j^n\en  with  castor  oil,  would  digest  or  open 
in  the  stomach  within  a  half-hour  or  so.  The  castor  oil  in  the 
stomach  and  its  persistent  purgative  action  in  the  intestine  would 
carr}-  along  the  chenopodium.  whenever  it  left  the  stomach. 
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There  are  16  dogs  in  the  foregoing  table,  of  which  one,  No. 
41,  must  be  disregarded  in  drawing  conclusions,  as  the  animal, 
a  clinical  case  of  uncinariasis,  died  the  day  following  treatment, 
too  early  to  permit  of  anthelmintic  action.  The  other  15  dogs 
had  a  total  of  150  ascarids,  an  average  of  10  per  dog;  40  hook- 
worms, an  average  of  5.6  per  dog.  Of  these  worms,  the  com- 
bined chenopodium  (0.1  m.  p.  k. )  and  chloroform  (0.2  m.  p.  k.) 
treatment  removed  146  ascarids  (9T  per  cent),  35  hookworms 
(87.5  per  cent),  4  whipworms  (12.5  per  cent),  and  1  tapeworm 
(1  per  cent).  These  percentages  for  ef^cacy  against  ascarids  and 
hookworms  are  high.  The  showing  against  hookworms  is  espe- 
cially high  for  single  dose  treatments  and  is  better  than  the  average 
obtained  by  single  doses  of  either  drug  alone.     It  is  better  than 
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the  result  obtained  by  Hall  and  Foster  in  giving  both  drugs  at 
the  rate  of  0.2  m.  p.  k.  in  30  mils  of  castor  oil.  This  result  can 
hardly  be  regarded  as  a  true  case  of  synergistic  action,  something 
Hall  and  Foster  have  regarded  as  not  present  in  the  anthelmintic 
action  of  these  drugs,  but  it  is  possible  that  treatments  given  in 
this  fashion  do  allow  one  drug  to  supplement  the  other.  As  was 
noted  already,  the  chloroform  probably  jmsses  down  the  digestive 
tract  promptly,  mixed  with  the  purgati\e.  and  is  followed  shortly 
afterward  by  the  chenopodium.  It  is  quite  possible  that  worms 
that  are  not  removed  by  the  chloroform,  but  are  weakened  by  a 
sub-lethal  dose,  succumb  to  the  additional  toxic  effects  of  the 
chenopodium  to  which  they  are  later  subjected.  Or  it  may  be 
that  some  hookworms  not  killed  by  the  chloroform  are  deprived 
of  their  fatty  protective  coating  by  the  chloroform  and  so  exposed 
to  attack  by  chenopodium,  or  loosen  their  attachment  to  the  mucosa, 
under  the  influence  of  the  chloroform,  and  are  caught  in  the 
lumen  of  the  gut  by  the  chenopodium.  Unfortunately,  we  have 
only  speculation  on  this  subject  at  present.  That  the  combination 
was  efficacious  here,  however,  is  not  a  matter  of  speculation. 

A  consideration  of  the  condition  of  the  digestive  tract  in  these 
animals  shows  the  following:  Leaving  out  of  consideration  Dog 
41,  which  was  too  sick  to  tolerate  treatment  and  cannot  be  regarded 
as  a  normal  animal,  6  dogs  had  normal  digestive  tracts,  3  had 
inflamed  digestive  tracts,  and  6  had  hemorrhagic  digestive  tracts. 
Since  the  anthelmintic  treatment  was  the  same  for  all.  the  reason 
these  findings  may  be  sought  in  the  purgation  employed,  since 
the  elimiiiative  and  distributive  action  of  such  drugs  as  castor  oil 
has  been  found  protective  by  the  writer  against  lethal  doses  of 
such  drugs  as  chenopodium  or  oleoresin  of  male-fern,  whereas 
the  tendency  of  olive  oil  to  remain  in  the  stomach  and  be  absorbed 
has  been  found  to  result  in  serious  damage  to  that  organ.  These 
findings,  published  elsewhere  by  the  writer,  are  confirmed  by  the 
findings  here.  Where  castor  oil  alone  was  used,  the  digestive 
tract  was  normal  five  times  and  inflamed  once;  where  olive  oil  was 
used,  alone  or  with  a  diverse  assortment  of  purgatives,  the  diges- 
tive tract  was  hemorrhagic  six  times  and  normal  once ;  where 
other  oils,  cocoanut  or  linseed,  were  used,  the  digestive  tract  was 
inflamed  twice.  These  findings  confirm  the  desirability  of  using 
castor  oil  as  a  purgative  with  chenopodium,  something  which  a 
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number  of  writers  have  advised,  though  some  have  given  a  prefer- 
ence to  Epsom  salts.  It  is  likely  that  either  is  satisfactory;  the 
important  thing  is  prompt  and  adequate  purgation. 

In  the  following  experiments,  the  dose  of  chenopodium  was 
cut  to  half  the  therapeutic  dose  of  0.1  m.  p.  k.,  or  0.05  m.  p.  k., 
the  dose  of  chloroform  being  the  same  as  in  the  preceding  experi- 
ments. 
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In  this  diminished  chenopodium  dosage,  the  treatment  removed 
8  of  a  total  of  i'  ascarids  (an  efficacy  of  89  per  cent)  ;  8  of  10 
hookworms  (80  per  cent)  ;  none  of  11  whipworms  (0  per  cent)  ; 
and  both  of  2  tapeworms  (100  per  cent).  While  this  is  a  good 
showing  for  ascarids,  numerous  experiments  indicate  that  this 
smaller  dose  of  chenopodium,  0.05  m.  p.  k.,  will  fail  in  a  distinctly 
larger  number  of  cases  than  the  larger  dose  of  0.1  m.  p.  k.,  and  as 
this  latter  is  well  tolerated,  it  should  be  used.  The  efficacy  of  the 
treatment  against  hookworms  is  unimpaired,  a  showing  in  keep- 
ing with  the  undiminished  chloroform  dosage  of  0.2  m.  p.  k. 

The  digestive  tract  was  normal  in  2  of  the  3  dogs,  and  showed 
some  enteric  hemorrhage  in  the  third.  Castor  oil,  in  30  and  60 
mil  doses,  was  used. 

One  dog.  No.  47,  was  given  the  therapeutic  dose  of  cheno- 
podium. 0.1  m.  p.  k.,  and  a  diminished  dose  of  chloroform,  1.33 
m.  p.  k.  This  dog  weighed  15  kilos,  received  20  minims  of  cheno- 
podium, 2  mils  of  chloroform,  and  60  mils  of  castor  oil.  It  passed 
6  ascarids  and  had  3  whipworms  post-mortem,  an  efficacy  of  100 
per  cent  against  ascarids  and  0  per  cent  against  whipworms. 
There  were  some  inflamed  areas  and  some  hemorrhage  in  the 
intestine. 

In  another  series,  the  dogs  were  given  double  the  therapeutic 
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dose  of  chenoiMxliinii.  or  0.2  ni.  ji.  k.,  with  a  therapeutic  dose  of 
chloroform,  0.2  ni.  p.  k. 
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With  this  double  dosage  of  chenopodium,  the  treatment  re- 
moved all  of  the  35  ascarids  present  (100  per  cent),  and  none 
of  the  other  worms,  including  1  hookworm,  10  whipworms,  and 
24  tapeworms  (0  per  cent).  In  the  experiments  already  noted, 
chenopodium  in  doses  of  0.1  m.  p.  k.  and  0.05  m.  p.  k.  removed 
160  ascarids  and  failed  to  remove  5.  While  it  might  be  thought 
that  this  established  the  larger  dosage  as  the  preferred  one,  it 
really  does  not  do  so.  Experiments  published  by  Hall  and  Foster 
show  that  chenopodium,  in  single  doses  of  3  m.  p.  k.  or  3  doses 
of  0.2  m.  p.  k.  each  on  successive  days,  will  fail  to  remove  oc- 
casional ascarids,  and  these  failures  are  t.o  be  attributed,  in  the 
present  state  of  our  knowledge,  to  conditions  of  which  we  are 
unaware  and  over  which  we  have  at  present  no  control.  No  safe 
dose  of  any  anthelmintic  known  can  be  depended  on  to  remove 
all  worms  present  every  time.  This  fact,  coupled  with  the  fact 
that  anthelmintics  are  toxic  substances  which  should  be  used 
with  caution,  makes  the  employment  of  the  0.1  m.  p.  k.  dose  of 
chenopodium  advisable.  The  occasional  deaths  of  weak  animals, 
following  the  administration  of  conservative  therapeutic  doses 
of  anthelmintics,  inclines  one  to  avoid  larger  doses  than  are  neces- 
sary for  reasonably  dependable  results,  and  these  results  can  be 
obtained  against  ascarids  witli  the  0.1  m.  ]>.  k.  dose  of  cheno- 
podium. 

These  single  doses  of  chenopodium  and  chloroform  removed 
a  total  of  43  out  of  51  hookworms,  an  efficacy  of  si  per  cent. 
This  is  a  very  good  showing  against  a  worm  that  is  difficult  to 
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remove,  and  these  two  drugs,  administered  in  the  manner  noted. 
give  results  superior  to  those  obtained  as  a  rule  with  either  drug 
alone  or  with  drugs  other  than  these. 

The  failure  of  most  treatments  in  these  experiments  lu  remove 
whipworms  or  tapeworms  is  to  be  expected.  The  drugs  and  the 
mode  of  administration  are  not  appropriate  for  these  worms. 

The  following  experiments  are  intended  to  determine  the 
efficacy  of  repeated  doses  of  chenopodium  and  chloroform. 

Dog  No.  46,  weighing  25  kilos,  was  given  20  minims  of  cheno- 
podium in  the  soluble  elastic  capsule,  with  2  mils  of  chloroform 
in  hard  capsules  and  60  mils  of  castor  oil.  Six  days  later  the  dog 
was  given  75  minims  of  chenopodium  in  soluble  elastic  caj^sules, 
with  5  mils  of  chloroform  in  60  mils  of  castor  oil.  and  six  days 
later  the  dog  was  given  this  same  dose  again.  Five  days  later 
the  dog  was  killed.  No  worms  were  passed  and  5  whipworms 
were  found  post-mortem.  Even  such  rather  large  doses,  repeated 
at  these  intervals,  were  0  per  cent  effective  against  whipworms, 
which  is  not  surprising  in  view  of  the  location  of  these  worms. 

In  the  following  experiments,  the  dogs  were  given  3  doses 
of  oil  of  chenopodium  in  soft,  or  soluble  elastic,  capsules,  each 
dose  consisting  of  the  amount  shown  in  the  table  and  being  given 
with  15  mils  of  castor  oil  or  without  the  oil,  as  indicated.  The 
last  dose  was  followed  after  an  interval  of  1  to  1^  hours  by  4 
mils  of  chloroform  in  15  mils  of  castor  oil  if  the  chenopodium 
was  given  with  oil  each  time,  and  30  mils  if  no  oil  had  been  given. 
These  experiments,  briefly  tabulated  here,  were  ])ublished  in  full 
by  Hall  (1919). 
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From  an  anthelmintic  standpoint,  this  treatment  was  decidedly 
successful.     It  removed  6  out  of  6  ascarids   (100  per  cent)  and 
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12?  out  of  142  hookworms  (89  per  cent).  In  the  3  cases  where 
the  capsules  were  given  with  castor  oil,  the  treatment  was  91 
per  cent  effective  against  hookworms.  There  were  no  whipworms 
present,  and  it  failed  to  remove  any  of  17  tapeworms,  a  matter 
of  no  moment,  as  it  is  not  a  taeniafuge  anyway. 

As  regards  the  effect  on  the  host,  it  was  especially  Ijad  in  the 
case  of  Dog  No.  301,  but  this  dog  had  distemper  when  treated 
and  died  on  the  third  day  after  treatment.  The  writer  has  pointed 
out  elsewhere  that  dogs  having  distemper  should  not  be  given 
anthelmintic  treatment  until  after  they  have  recovered.  While 
there  was  a  production  of  inflamed  and  even  hemorrhagic  areas 
in  the  mucosa  of  the  stomach  and  intestines,  the  condition  was 
not  serious  and  would  have  cleared  up  in  the  course  of  10  days  or 
two  weeks.  Compared  with  the  damage  done  by  hookworms,  this 
is  something  that  may  be  tolerated,  and  in  view  of  the  high  degree 
of  efftcacy  attained,  the  treatment  outlined  here  would  be  the  one 
indicated.  It  will  be  noted  that  where  castor  oil  was  not  given  with 
each  dose  of  chenopodium,  the  efficacy  fell  to  50  per  cent.  The 
writer  prefers  the  simultaneous  administration  of  castor  oil  with 
the  capsules.  Our  experiments  show  that  the  cajjsules  given  with 
castor  oil  will  open  in  a  half-hour  or  so,  so  that  the  worms  are  first 
subjected  to  chenopodium  and  later  to  chloroform. 

In  the  following  experiments,  dogs  were  given  soluble  elastic 
capsules  each  containing  5  minims  of  chenopodium  and  10  minims 
of  chloroform.  The  first  series  given  will  consider  those  dogs,  4 
in  number,  which  received  1  dose  of  these  capsules,  and  the  second 
series  will  consider  those  dogs,  11  in  number,  which  received 
repeated  doses. 

The  following  dogs  received  these  capsules  to  the  number 
stated,  followed  immediately  by  30  mils  of  castor  oil. 
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There  were  no  ascarids  present  in  these  closes.  The  treatment 
removed  8  out  of  11)  hookworms,  an  efficacy  of  42  per  cent.  It 
failed  to  remove  any  of  i)  whipworms  and  44  tapeworms,  an 
efficacy  of  0  ])er  cent  against  these  worms.  The  digestive  tract  was 
normal  once,  inflamed  once,  and  there  were  hemorrhages  in  the 
stomach  twice. 

Apparently  the  comhination  of  chenoixxlium  and  chloroform  in 
the  soft  capsule  is  not  as  effective  as  the  administration  of  cheno- 
podium  in  the  soft  capsule,  with  the  practically  simultaneous  admin- 
istration of  chloroform  in  the  harrl  capsule  or  dissolved  in  the  ac- 
companying castor  oil,  or  with  the  chloroform  administered  after 
an  interval.  Furthermore,  the  effect  on  the  stomach  suggests  that 
where  these  two  drugs  are  thoroughly  dissolved  in  one  another, 
the  chloroform  may  hasten  the  local  absorption  of  the  chenopodium 
with  had  results.  It  is  probable,  from  other  experiments,  that  the 
castor  oil  that  might  serve  as  a  protection  to  the  stomach  against 
this  combination  has  passed  out  before  this  capsule  opens.  Prob- 
ably the  chloroform  exerts  a  hardening  effect  on  the  gelatine.  At 
any  rate,  the  siDiultaiicous  administration  of  chenopodium  and 
chloroform  in  this  manner  gives  inferior  results  as  regards  worms 
removed  and  effect  on  the  digestive  tract,  when  compared  with 
their  practically  consecutive  administration  as  attained  by  the  use 
of  the  soft  capsules  for  the  chenopodium  only. 

The  following  series  comprises  dogs  receiving  repeated  doses 
of  the  soft  capsules  containing  5  minims  of  chenopodium  and  10 
minims  of  chloroform.  .\11  dogs  received  1  capsule  at  a  dose  and 
.■)()  mils  of  castor  oil  with  each  dose. 
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100 
100 


25 
100 
42 
75 
89 


100 
100 


90 
79 


100 
100 


100 


Digestive  Tract 


Normal 
Normal 

Gasf.-Ent.  hem. 
Gast.-Ent.  hern. 
Cast.  hem. 
Gast.-Ent.  hem. 
Gast.-Ent.  hem. 
Gast.-Enl.  hem. 
Gast.-Ent.  hem. 
Gast.  hem. 
Gast.  hem. 
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These  treatments  removed  56  out  of  -")«;  asciirids  (100  per 
cent)  ;  45  out  of  (jl  hookworms  (70  per  cent)  ;  50  out  of  59  whip- 
worms (85  per  cent)  ;  and  1  out  of  2  tapeworms  (50  per  cent). 
The  (hgestive  tract  was  normal  twice,  following  2  doses,  and 
showed  gastric  hemorrhage  in  the  other  !)  dogs,  following  3  to  7 
doses,  coupled  with  enteric  hemorrhage  in  6  of  these  cases. 

A  consideration  of  the  ahove  tahle  and  summary  indicates  that 
repeated  doses  of  soft  capsules  containing  5  minims  of  cheno- 
podium  and  10  minims  of  chloroform  are  entirely  efficacious 
against  ascarids,  as  would  be  expected.  They  are  only  70  per  cent 
effective  against  hookworms,  a  high  efficacy  compared  with  cheno- 
podium  or  chloroform  alone  in  single  doses,  but  not  so  high  as 
the  efficacy  (87.5  per  cent)  attained  by  single  dose  treatments 
where  oil  of  chenopodium  is  given  at  the  rate  of  0.1  m.  p.  k.  in  soft 
capsules,  and  chloroform  is  simultaneously  given  at  the  rate  of 
0.2  m.  p.  k.  in  hard  capsules  with  30  mils  of  castor  oil  or  dissolved 
in  the  castor  oil,  or  the  efficacy  (89  per  cent)  of  3  doses  of  cheno- 
podium at  hour  intervals  followed  by  chloroform  1  to  1^^  hours 
later.  It  may  be  noted  that  in  these  repeated  doses  the  individual 
dose  was  less  than  the  therapeutic  dose  of  0.1  m.  p.  k..  as  it  must  be 
in  repeated  doses.  At  the  same  time,  the  condition  of  the  digestive 
tract  indicates  that  this  combination  of  drugs  is  not  well  suited  to 
repeated  doses,  being  too  irritant.  The  high  efficacy  against  whip- 
worms (85  per  cent)  is  to  be  expected,  as  the  keynote  to  treatment 
for  infestation  with  this  worm  is  repetition,  a  fact  that  the  writer 
has  jx)inted  out  in  previous  articles.  The  irritant  character  of 
chenopodium  and  chloroform  makes  them  unsuitable  for  repeated 
doses  and  they  are  best  used  in  single  dose  treatments  or  treatments 
calling  only  for  repeating  doses  during  the  course  of  a  few  hours 
of  one  day.  Santonin,  on  the  other  hand,  has  too  little  efficacy 
in  single  dose  to  be  as  valuable  as  chenopodium  for  ascarids  and 
is  of  no  value  for  hookworm  treatment,  btU  the  fact  that  it  does 
not  act  as  a  gastro-intestinal  irritant  makes  it  the  drug  of  choice 
where  whipworms  are  concerned,  since  it  can  be  safely  given  in 
the  repeated  treatments  which  are  necessary  to  ensure  some  of  the 
drugs  finally  entering  the  cecum  and  removing  the  worms  (safely, 
that  is,  so  far  as  gastro-intestinal  irritation  is  concerned). 

Experiments  with  these  soft  capsules,  containing  5  minims  of 
chenopodium  and  10  minims  of  chloroform,  after  they  had  been 


323 

enteric-coated  by  exposure  to  formalin,  have  been  detailed  in  an- 
other paper.    The  results  were  unsatisfactory. 

SUMMARY. 

The  best  results  in  the  removal  of  hookw^orms  by  a  single  dose 
treatment  of  which  the  writer  is  aware,  were  obtained  by  the  use 
of  oil  of  chenopodium  in  a  dose  approximating  0.1  m.  p.  k.,  as  near 
as  the  dose  can  be  approximated  in  •")-  and  lO-minim  soft,  or  soluble 
elastic,  capsules,  followed  immediately  by  30  mils  of  castor  oil 
containing  chloroform  at  the  rate  of  0.3  m.  p.  k.,  or  with  this 
amount  of  chloroform  given  in  hard  gelatine  capsules.  Apparently 
the  results  so  obtained  are  due  to  consecutive  action  which  approxi- 
mates treatment  by  repeated  doses,  as  the  chloroform  in  castor  oil 
acts  very  promptly  against  the  worms,  and  the  chenopodium  only 
after  its  release  at  some  interval  from  the  soft  capsule.  The  treat- 
ment was  87.5  per  cent  effective  in  tests  on  15  dogs,  of  which  6 
had  hookworms. 

This  same  treatment  was  9T  per  cent  effective  against  ascarids 
in  tests  on  15  dogs,  of  which  9  had  ascarids. 

The  treatment  was  comparatively  ineffective  against  whip- 
worms, which  require  repeated  treatments,  not  single  treatments. 

The  treatment  was  also  ineffective  against  tapeworms,  but 
neither  of  these  drugs  is  dependable  against  tapeworms. 

Very  satisfactory  results  were  also  obtained  by  administering 
3  doses  of  5  or  10  minims  of  chenopodium  in  the  soft  cajjsule  at 
hour  intervals,  accompanied  each  time  by  15  mils  of  castor  oil, 
and  followed  1  to  1^  hours  later  by  -1  mils  of  chloroform  in  15 
mils  of  castor  oil.  This  treatment  was  91  per  cent  effective  against 
hookworms  in  tests  on  3  infested  dogs. 

The  same  treatment  was  100  per  cent  effective  in  tests  on  2 
ascarid-infest.ed  dogs  and  may  be  depended  on  to  maintain  sub- 
stantially this  efficacy. 

These  results  bear  out  the  claims  of  Schiiffner  and  Verwoort 
for  the  treatment  used  by  them  in  Sumatra.  They  gave  3  doses 
of  oil  of  chenopodium,  in  Ifi-minim  doses  on  sugar,  at  hour  inter- 
vals, and  2  hours  after  the  last  dose  gave  IT  grams  of  castor  oil 
and  3  grams  of  chloroform.  Our  experiments  indicate  that  the 
patient  is  better  protected  when  each  dose  of  chenopodium  is  ac- 
companied by  castor  oil,  otherwise  a  treatment  approximating  treat- 
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ment  used  by  Schiiffner  and  Verwoort  should  be  the  best  treat- 
ment for  hookworms  in  man  of  those  yet  published,  so  far  as  our 
experiments  indicate. 

The  simultaneous  administration  of  chenopodium  and  chloro- 
form, by  giving  a  soft  capsule  containing  both  of  these  drugs  in 
the  proper  pro{X)rtion,  is  unsatisfactory.  In  single  dose  the  com- 
bination does  not  display  enough  efficacy,  and  in  repeated  doses  the 
efficacy  is  less  against  hookworm,  the  particular  work  for  which 
this  combination  is  intended,  than  the  single  dose  using  soft  cap- 
sules for  the  chenopodium  only.  It  shows  the  increased  efficacy 
against  whipworms  that  may  be  expected  from  repeated  doses,  but 
shows  a  corresponding  degree  of  injury  to  the  gastro-intestinal 
mucosa  that  makes  it  undesirable. 
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Two  of  tlie  very  evident  advantages  afforded  by  the  use  of  soft 
gelatin  capsules  are  these:  They  furnish  a  convenient  measured 
dose,  and  they  supply  a  capsule  with  the  advantages  of  the  hard 
capsules  (tastelessness)  plus  the  advantage  of  saving  1:)ulk  and 
bother,  by  combining  the  drug  and  the  capsule,  and  the  assurance 
that  the  capsule  will  not  open  in  the  mouth,  pharynx  or  esophagus. 
They  have  proven  entirely  satisfactory  in  the  administration  of 
oil  of  chenopodium  to  experiment  animals  in  our  work  here  and 
have  been  recommended  by  one  of  us  (Hall,  1917)  for  use  in 
treating  dogs. 

The  soft  capsule,  however,  has  recently  been  criticized  as  a 
container  for  oil  of  chenopodium,  in  a  paper  by  Darling,  Barber 
and  Hacker  (1918).  They  state  that  3  10-minim  doses  of  oil  of 
chenopodium  in  soft  capsules  at  hour  intervals  removed  only  66.4 
per  cent  of  the  hookworms  from  patients,  as  compared  with  the 
removal  of  97.9  per  cent  of  the  worms  by  the  same  oil  when  re- 
moved from  the  capsule  and  then  administered  in  freshly  filled 
hard  capsules.  By  way  of  explanation  they  state :  "The  soft  cap- 
sules dissolved  too  slowly  to  permit  their  contents  to  affect  the 
hookworms  distributed  in  the  duodenum  and  the  upper  part  of 
the  jejunum."'  Undoubtedly,  this  explanation  is  intended  only  as 
a  plausible  surmise.  If  the  soft  capsule  digests  or  opens  in  the 
middle  of  the  jejunum,  it  undoubtedly  misses  worms  in  the  upper 
jejunum  and  duodenum,  but  there  is  some  question  as  to  whether 
it  leaves  the  stomach  unopened. 
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There  are  several  ways  of  judgitiii;  whether  the  soft  capsule 
actually  o])ens  in  the  jejunum  or  in  the  stomach.  One  way  is  to 
determine  the  anthelmintic  efficacy  of  chenopodium  exhihited  in 
the  soft  capsule  and  compare  it  with  the  efficacy  of  chenopodium 
exhibited  in  the  hard  ca])sules.  Another  way  is  to  administer  the 
soft  capsules  to  dogs  and  kill  the  dogs  after  various  intervals. 
We  have  here  data  of  both  sorts,  and  these  data  do  not  sustain 
the  attitude  taken  by  the  writers  quoted.  So  far  as  the  application 
of  findings  in  animal  experiments  to  similar  conditions  in  man  is 
concerned,  one  must  undoubtedly  make  the  application  with  much 
care  and  some  reservations.  It  is  therefore  impossible  to  insist 
too  strongly  that  what  we  find  true  in  the  case  of  dogs  is  also  true 
in  the  case  of  man,  especially  when  the  writers  quoted  find  to  the 
contrary.  At  the  same  time  there  is  something  to  be  said  for  our 
experimental  findings. 

In  the  first  place,  our  experimental  findings  are  exact  and 
definite,  covering  treatment,  exact  number  of  worms  passed  for 
the  4  or  more  days  after  the  administration  of  the  anthelmintic 
and  up  to  the  day  of  death  of  the  animal,  and  the  exact  number 
of  worms  found  post-mortem.  There  can  be  no  question  but  what 
the  information  obtained  in  this  way  is  more  exact  than  that  ob- 
tained clinically  and  by  examining  the  feces  for  parasite  eggs, 
which  method  must  be  depended  on  by  physicians  working  with 
human  patients. 

In  the  second  place,  hundreds  of  experiments  show  that  the 
ascarid  of  the  dog  has  a  quite  definite  and  dependable  reaction  to 
chenopodium,  as  Hall  (1918)  has  noted,  whereas  hookworms  in 
man  or  dogs  have  no  such  dependable  reaction  to  any  drugs,  part 
of  them  yielding  to  one  treatment  and  part  quite  commonly  yield- 
ing only  after  2  to  •)  or  more  treatments.  In  judging,  therefore, 
the  fate  of  soft  capsules  of  chenopodium,  their  results  in  the  shape 
of  ascarids  removed  from  the  dogs  is  a  surer  guide  than  that  in 
the  shape  of  hookworms  remo\'ed  from  man  and  subsequent  fecal 
examinations  for  eggs. 

Finally,  we  have  made  a  number  of  tests  in  the  way  of  killing 
dogs  at  an  interval  after  administering  chenopodium  in  soft  cap- 
sules and  in  other  ways,  and  these  tests  show  that  the  soft  capsule 
does  not  wait  until  it  reaches  some  point  in  the  intestine  before 
opening,  but  opens  in  the  stomach.     In  this  respect,  our  findings 
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agree  with  the  fact  that  our  critical  tests  show  that  soft  capsules 
of  chenopodium  display  as  high  anthelmintic  efficacy  against  as- 
carids  as  do  doses  of  the  drug  in  hard  capsules  or  in  castor  oil. 
We  have  data  on  220  dogs  that  have  been  given  oil  of  chenopodium 
or  its  derivatives,  alone  or  in  combination  with  other  anthelmintics, 
in  castor  oil,  hard  or  soft  capsules,  or  undiluted  and  withcnit  cap- 
sule, with  records  of  all  worms  passed  and  worms  present  post- 
mortem, and  these  experiments  all  testify  to  the  ascaricidal  efficacy 
of  chenopodium  and  bear  out  the  statement  that  it  is  as  effective 
when  given  in  the  soft  capsule  as  when  given  in  the  hard  capsule 
or  any  other  way. 

In  this  series  of  220  dogs,  there  are  only  8  that  were  given 
chenopodium  in  soft  capsule,  followed  immediately  with  castor  oil 
and  not  complicated  by  other  considerations  (enteric  coats,  other 
drugs,  repeated  doses  involving  more  than  1  day,  etc.),  and  these  8 
dogs  may  be  compared  with  the  animals  treated  by  Hall  and  Fos- 
ter (1918).  These  writers  gave  chenopodium  at  the  rate  of  0.3 
m.  p.  k.  (mil  per  kilo)  in  castor  oil  to  8  dogs  and  removed  160 
ascarids  out  of  162,  an  efficacy  of  about  99  per  cent;  they  gave 
chenopodium  in  hard  capsules  at  the  rate  of  0.2  m.  p.  k.  with  olive 
oil  and  castor  oil  on  3  successive  days  to  8  dogs  and  removed  15 
out  of  17  ascarids,  an  efficacy  of  88  per  cent.  In  our  8  experiment 
dogs,  all  of  which  were  infested  with  ascarids,  4  dogs  received  the 
therapeutic  dose  of  0.1  m.  p.  k..  1  received  a  lethal  dose  of  1.0 
m.  p.  k.  with  castor  oil  for  protection,  and  3  received  doses  between 
0.1  and  0.2  m.  p.  k.,  all  in  soft  capsules.  These  dogs  passed  87 
out  of  87  ascarids,  an  efficacy  of  100  per  cent.  In  spite  of  the 
larger  doses  used  by  Hall  and  Foster,  the  efficacy  secured  by  larger 
doses  with  their  mode  of  administration  is  slightly  inferior  to  that 
secured  with  smaller  doses  in  soft  capsules.  They  report  that  the 
dogs  in  the  first  series  noted  above  had  about  one-fourth  of  their 
hookworms  removed,  and  in  the  second  series  the  treatment  was 
ineffective  for  hookworm.  In  our  series  of  dogs,  7  had  hookworm ; 
the  treatment  with  soft  capsules  removed  23  out  of  31,  an  efficacy 
of  74  per  cent.  In  a  series  of  4  dogs  treated  by  us  with  single  doses 
of  chenopodium,  not  in  soft  capsules,  at  the  rate  of  0.1  m.  p.  k.  the 
treatment  removed  10  of  10  ascarids  and  none  of  16  hookworms 
from  2  dogs ;  at  a  higher  rate  it  removed  5  of  5  ascarids  from  2 
dogs. 
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So  far  as  anlhelmintic  efficacy  is  concerned,  accurate  critical 
tests  on  both  ascarids.  a  dependable  form  for  test,  and  hookworms, 
a  less  dependable  form,  show  that  if  there  is  any  choice  between 
the  administration  of  oil  of  chenopodimn  in  soft  capsules  or  hard 
capsules  or  in  castor  oil  or  olive  oil,  the  choice  would  lie  with  the 
soft  capsules. 

As  regards  the  time  and  place  of  opening  of  the  soft  capsule 
in  the  digestive  tract,  a  series  of  experiments  was  performed  to 
furnish  information  on  this  point.  The  first  set  of  tests  were 
with  the  soft  capsules;  the  second  set  were  with  chenopodium  ad- 
ministered in  oil. 

The  first  set  of  tests  using  the  soft  capsules  may  be  summarized 
as  follows: 

Without  purgative. 


Dos 

Capsules. 

Dog 

Result,   capsules. 

Digestive 

No. 

killed. 

tract. 

Remarks. 

251 

3   5-minim 

26  min. 

In    stomach  ; 
unopened. 

Normal. 

Food  in 
stomach. 

252 

2   5-minim 

42  min. 

In    stomach ; 
unopened. 

Normal. 

Food  in 
stomach. 

253 

3   5-minim 

1  hr.,  2  min. 

In    stomach  , 
1    opened, 
1    cracked, 
1   softened. 

Normal. 

Food  in 
stomach. 

254 

3   5-minim 

1  hr.,  21  min. 

In    .stomach  , 
unopened. 

Normal. 

354 

3   5-minim 

1  hr.,  30  min. 

Digested ;  chen. 
odor  in  stomach 
and  small  int. 

Petechiae  in  stom- 
ach and  small  int. 

•an 

3   5-minim 

2  lirs. 

Digested ;  chen. 
odor  in  stomach. 

Normal. 

Food  in 
stomach. 
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3  5-minim 

2  hrs.,  46  min. 

Digf-sted. 

Gas.  int.  hem. 

(These  dogs  all   received  3 


With  purgative. 
5-minim  capsules  and  the  purgative  shown.) 


Dog       Purgative. 

No. 


32 S  Ol.  ric.  30  mils 

J55  Cascarin  2  grs. 

329  Ol.  ric.  30  mils 
349  Calomel  2  grs. 

330  01.  ric.  30  min 


Dog 
killed. 


30  min. 

30  min. 
1  hr. 
1  hr. 


2  hrs., 
4  min. 


Result,    capsules. 


Digested ;   chen. 

odor  and  ol.   ric. 

near   ileocecal 

valve. 
In  stomach  ;   open 

and  half  digested. 
Digested.  Chen,  and 

ol.  ric.  in  stomach. 
Digested.   Chen. 

odor  in  stomach. 


Digested.    Oil   in 
large  int. 


Digestive 
tract. 


Mild  hyperemia. 


Gast.    int.   petechiae. 


Remarks. 


Normal. 

Inflam.   and  hem. 


Normal. 


Dog  vom- 
ited   frag- 
ments    of 
capsule. 
1  asc. 
pres.   in 
large  InL 


It  will  be  noted  from  an  examination  of  the  above  tables,  that 
when  the  soft  capsules  were  given  imthout  purgatives,  they  were 
recovered  from  the  stomach  unopened  as  late  as  1   hour  and  21 
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minutes  after  administration;  they  were  found  o])ened  in  the 
stomach  as  early  as  1  hour  and  2  minutes  after  a(huinistration ; 
and  they  were  entirely  digested  at  intervals  of  1  hour  and  30 
minutes  to  2  hours  and  40  minutes.  It  appears,  then,  that  soft 
capsules  given  without  purgation  will  open  in  the  stomach,  and 
prohably  open  from  1  to  2  hours  after  administration.  This  coin- 
cides with  the  time  of  onset  of  symptoms  of  salivation  and  vomiting 
in  animals  given  chenopodium  in  soft  capsules,  where  these  symp- 
toms appear.  Chenopodium  could  be  found  in  the  small  intestine 
as  early  as  1  hour  and  30  minutes  after  administration. 

Where  the  soft  capsules  were  given  with  purgatives,  the  time 
of  opening  in  the  stomach  was  materially  shortened.  As  early  as 
a  half-hour  after  administration,  and  after  all  longer  periods,  the 
capsules  were  partly  or  entirely  digested,  and  chenopodium  was 
detected  near  the  ileocecal  valve  in  30  minutes  in  one  instance. 

It  will  be  noted  that  in  no  cases  were  capsules  found  unopened 
in  the  intestine.  When  they  were  found  at  all,  they  were  in  the 
stomach :  here  they  were  found  unopened,  open,  and  partly  di- 
gested:  here  the  oil  of  chenopodium  could  be  detected  in  almost 
all  cases,  as  late  as  an  hour  after  administration  in  the  case  of  cap- 
sules given  with  purgatives,  and  as  late  as  2  hours  after  administra- 
tion in  the  case  of  capsules  given  without  purgatives. 

Not  only  does  all  the  evidence  point  to  the  opening  of  the  cap- 
sule in  the  stomach,  but  other  considerations  sustain  this  idea.  The 
soft  gelatin  capsule  becomes  very  much  softened  by  exposure  to 
the  moisture  of  the  digestive  fluids  of  the  stomach,  not  to  men- 
tion the  digesting  action  of  these  fluids.  Such  softened  capsules 
break  very  easily  on  pressure,  and  it  seems  likely  that  the  pressure 
applied  at  the  pylorus  would  break  these  capsules  if  they  started 
to  pass  unopened.  Possibly  the  early  opening  of  capsules  given 
with  purgatives  is  due  to  increased  gastric  peristalsis  and  prompt 
rupture  of  the  softened  capsule,  with  digestion  of  the  capsule 
hastened  as  a  result.  It  is  also  possible  that  the  purgative  stimu- 
lates secretion  of  the  digestive  fluids. 

Following  up  the  foregoing  experiments,  some  tests  were  made 
to  ascertain  the  fate  of  oil  of  chenopodium  given  without  capsule 
of  any  sort,  with  and  without  purgatives.  To  aid  in  following 
the  course  of  the  chenopodium.  it  was  mi^ed  with  Eaton's  fat- 
soluble  blue.    The  doses  were  at  the  rate  of  0.1  m.  p.  k. 
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Without  purgative. 

Dog 

Dop: 

Oil  found. 

Digestive 

Remarks. 

No. 

killed. 

tract. 

318 

47  min. 

In  stomach. 

Normal. 

321 

1  hr.,    4  min. 

In    stomach   and 
small  intestine. 

Petechiae   in  pyloric 
stomach ;     pylorus 
and  duodenum  hy- 
peremic. 

319 

1  hr.,  45  min. 

In  stomach. 

Normal. 

With  purgation. 


320 
322 
351 


357 
352 
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32  min. 

1  hr.,    4  min. 

1  hr.,  30  min. 


2  hrs. 

2  hrs.,  7  min. 


In  stomach.  Normal.  30  mils  ol.   ric. 

In  stomach.  Normal.  30   mils  ol.   ric. 

In  stomach.  Gast.  hem.,  small      2    g:rs.    cascarin. 

1  asc.  in  int.,  ap- 
parently   dead. 
In  stomach.  Normal.  2    grs.    cascarin. 

In  stomach.  Few  hem.  in  int.       2  grs.  calomel.  2  asc. 

in  int.,  apparently 
dead.  Fed  before 
dosing-.  Vomited  in 
hr.    after  dosing. 

This  dog  was  given  the  chenopodium  with  oil-soluble  blue  and  30  mils 
of  castor  oil,  and  29  Vj  hours  later  the  dose  was  repeated,  this  time  with 
oil-soluble  orange  instead  of  blue.  The  dog  was  killed  2  hours  and  12 
minutes  later.  The  orange-colored  chenopodium  was  found  in  the 
ileum ;  there  was  no  trace  of  the  blue-colored  chenopodium  given  the 
previous  day.     The  ileum  was  mildly  hyperemic. 


In  view  of  the  fact  that  small  amounts  of  oil,  such  as  would 
slowly  pass  the  pylorus,  cannot  readily  be  detected  even  when  the 
fat-soluble  coloring  matter  is  used,  one  cannot  affirm  much  as  to 
where  chenopodium  was  not  present ;  one  can  make  affirmation  only 
as  to  where  it  was  present.  From  the  experiments  tabulated  above, 
we  find  that  chenopodium  given  without  purgatives  or  the  use  of 
capsules  may  still  be  present  in  the  stomach  1  hour  and  45  minutes 
after  administration ;  when  given  with  purgatives,  without  the  use 
of  capsules,  it  may  still  be  present  in  the  stomach  2  hours  and  7 
minutes  later.  We  also  find  that  even  without  purgatives,  the  oil 
may  be  in  the  small  intestine  in  1  hour  and  4  minutes,  and  with 
purgation  it  may  be  in  the  ileum  2  hours  and  12  minutes  after 
administration,  and  the  evidence  of  an  apparently  dead  ascarid 
indicates  that  it  may  be  there  in  an  hour  and  a  half.  Doubtless  it 
is  in  the  small  intestine  earlier,  as  the  experiments  with  capsules 
show. 

The  fact  that  the  chenopodium  in  soft  capsules,  given  with 
castor  oil,  may  rapidly  get  to  the  small  intestine,  is  perhaps  due 
to  the  fact  that  the  castor  oil  can  exert  its  action  at  the  start,  unim- 
paired by  the  constij)ating  chenopodium  in  initiating  peristalsis. 

The  slowness  with  which  the  oil  leaves  the  stomach  confirms 
the  position  taken  by  Hall  f  1918)  to  the  efifect  that  anthelmintics. 
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at  least  some  anthelmintics,  probably  do  not  need  to  be  allowed 
"time  to  act"  on  the  worms  before  purgatives  are  administered. 
In  this  connection.  Hall  states : 

"It  is  so  generally  believed  and  stated  that  anthelmintics  should 
be  allowed  time  to  take  effect  before  any  purgation  is  attempted, 
that  it  seems  almost  unsafe  to  dispute  the  proposition.  Dock  and 
Bass  even  explain  the  failure  of  remedies  to  act  effectively  as 
possibly  due  to  'the  rapid  carrying  down  of  the  thymol  by  peri- 
stalsis to  below  the  location  of  the  worms,'  even  in  the  absence 
of  purgation.  My  own  experiences  have  led  me  to  fear  more  the 
absorption  of  the  drug  in  the  stomach  before  reaching  the  site  of 
the  worms.  In  over  two  years'  experiment  work,  involving  the 
treatment  and  }X)St-mortem  examination  of  over  250  dogs,  the 
results  seem  to  be  a  little  better,  if  anything,  where  the  anthel- 
mintic and  the  purgative  are  administered  simultaneously  than 
where  the  anthelmintic  is  allowed  to  precede  the  purgative  by  an 
hour  or  longer.  Such  combinations  as  oil  of  chenopodium  and 
castor  oil,  chloroform  and  castor  oil,  santonin  and  calomel,  etc., 
seem  to  be  as  effective  as  the  ingredients  of  the  combinations 
administered  separately  and  at  intervals.  It  is  well  known,  of 
course,  that  such  anthelmintics  as  areca  nut  are  themselves  purga- 
tive. Even  if  it  were  true  that  anthelmintics  are  more  effective 
if  purgation  is  postponed,  and  it  can  be  shown  that  the  patient 
is  safer  where  the  purgation  is  given  with  the  anthelmintic,  would 
it  not  be  good  practice  to  repeat  a  safe  treatment  oftener,  rather 
than  to  give  a  less  safe  treatment  fewer  times?" 

We  are  unable  to  reconcile  the  differences  in  the  results  ob- 
tained by  Darling,  Barber  and  Hacker  and  those  obtained  by  us, 
as  regards  the  value  of  the  soft  gelatin  capsule  of  chenopodium, 
but  we  have  no  adverse  comment  to  make  on  their  results.  We 
merely  state  our  own  results  and  indicate  that  there  is  a  dis- 
agreement. There  might  have  been  some  differences  in  the  cap- 
sules used  by  them  and  the  capsules  used  by  us,  and  it  might  be 
that  the  capsules  harden  with  age,  though  we  have  no  evidence 
of  our  own  on  this  point.  The  soft  capsule  can  be  hardened  with 
formalin  to  the  point  where  it  will  not  digest,  and  there  are  other 
substances  which  will  have  the  same  effect. 

Our  findings  further  disagree  with  theirs  on  a  number  of  other 
points  which  can  only  be  mentioned  here.     For  one  thing,  they 
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found  oil  of  chenopodiuni  j^iven  in  li([uicl  petrolatum  SS.T  j)er  cent 
effective,  while  soft  capsules  were  only  66.4  per  cent  effective, 
whereas  we  find  that  the  use  of  liquid  petrolatum  cuts  the  anthel- 
mintic efficacy,  even  against  ascarids,  to  zero  at  times,  while  the 
soft  capsules  have  an  ascaricidal  efficacy  very  close  to  100  per 
cent.  Experiments  covering  this  point  have  been  published  by 
Hall  (1918)  in  a  study  by  Hall  and  Hamilton  (1918).  Darling, 
Barber  and  Hacker  state  that,  "Chenopodiuni  is  relatively  just  as 
efficacious  in  removing  Ascaris,  Clonorchis  and  Tccnia"  as  in  re- 
moving hookworms.  So  far  as  the  dog  is  concerned,  hundreds  of 
critical  experiments  show  that  chenopodium  is  unequaled  for  use 
against  ascarids,  and  is  a  very  inferior  and  undependable  anthel- 
mintic for  use  against  Tcenia  and  Dipylidium,  removing  them  but 
rarely  and  showing  no  such  efficacy  as  is  shown  by  male  fern  or 
kamala.  They  prefer  magnesium  sulphate  to  castor  oil  as  a  purga- 
tive with  chenopodium.  This  is  a  moot  point  which  we  will  dis- 
cuss in  another  paper. 

CONCLUSIONS. 

On  the  basis  of  many  experiments  with  dogs,  we  feel  safe  in 
saying  that  the  following  is  true  of  dogs  and  that  these  findings 
apply  in  part  to  man : 

1.  The  soft  or  soluble  elastic  capsules  of  chenopodium  open 
in  the  stomach  and  not  in  the  small  intestine. 

2.  The  foregoing  statement  is  sustained  by  the  high  ascari- 
cidal efficacy  of  the  soft  capsules  of  chenopodium,  as  well  as  by 
their  efficacy  against  hookworms. 

3.  The  administration  of  purgatives  at  the  same  time  as  the 
soft  capsules  hastens  the  opening  of  the  capsules.  Without  the 
purgatives,  capsules  lie  in  the  stomach  as  long  as  1  hour  and  21 
minutes,  and  apparently  digest  in  1  to  2  hours.  With  the  purga- 
tives, capsules  are  wholly  or  partly  digested  in  30  minutes.  With- 
out purgatives,  chenopodium  from  the  capsules  may  be  detected 
in  the  intestines  in  1  hour  and  30  minutes.  With  purgatives,  cheno- 
podium may  be  detected  in  the  intestines  in  30  minutes. 

4.  The  more  rapid  opening  of  capsules  given  with  a  purga- 
tive is  probably  due  to  the  mechanical  action  of  heightened  peri- 
stalsis on  the  softened  moist  capsule  and  to  increased  secretion  of 
digestive  fluids  as  a  result  of  stimulation  by  the  i)urgative. 
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5.  Given  in  soft  cai)siiles.  chenopodiuni  may  stay  in  the 
stomach  as  long  as  1  hour  and  45  minutes  if  given  without  purga- 
tives, or  2  hours  and  7  minutes  if  given  with  purgatives;  or  may 
be  detected  in  the  small  intestine  in  1  hour  and  45  minutes  if  given 
without  purgatives,  or  in  1  hour  and  30  minutes  if  given  with 
purgatives.     It  is  probably  present  in  the  small  intestine  earlier. 
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HEMORRHAGIC  SEPTICEMIA  OF  CATTLE;  WITH 

SPECIAL  REFERENCE  TO  STOCK- YARDS 

PNEUMONIA. 

By  H.  Preston  Hoskins,  V.  M.  D. 

(Medical   Research    Laboratories,   Parke,   Davis   &  Company,    Detroit,    Mich.) 

The  disease  which  has  been  called  stock-yards  fever,  stock- 
yards pneumonia,  shipping  fever  of  cattle,  malignant  catarrhal 
fever,  etc.,  has  made  its  appearance  in  various  parts  of  Michigan 
during  the  past  three  years,  and  the  disease  as  it  occurs  in  this 
State  in  no  way  diflFers  from  the  same  disease  as  described  in 
other  States  by  a  number  of  veterinarians  during  the  past  five 
years.  In  all  of  the  outbreaks  of  the  disease  that  I  have  seen 
in  Michigan,  the  history,  symptoms  and  lesions  found  at  autopsy 
tally  very  well  with  the  condition  as  observed  previously  in  Min- 
nesota, and  described  by  the  late  Dr.  S.  H.  Ward.^ 

It  has  been  suggested  that  this  disease  is  a  form  of  hemor- 
rhagic septicemia,  and  there  appear  to  be  several  reasons  why  this 
view  has  been  taken.  As  a  matter  of  fact  it  appears  that  definite 
and  conclusive  proof,  in  the  form  of  scientific  evidence,  is  lacking 
to  prove  that  the  Bacterium  bovisepticum  is  the  primary  etiolog- 
ical factor.  In  the  first  place,  the  hemorrhagic  septicemia  organ- 
ism is  reported  to  have  been  isolated  from  cases  of  the  disease. 
Then  we  have  the  septic  pleuro-pneumonia  of  calves,  as  described 
by  Poels^  over  thirty  years  ago,  and  believed  by  him  to  have  been 
caused  by  a  member  of  the  hemorrhagic  septicemia  group.  This 
disease  coincides  in  practically  every  essential  detail  with  our 
so-called  stock-yards  pneumonia,  from  a  pathological  standpoint. 
Further,  we  have  many  favorable  reports  to  the  efifect  that  the 
disease  is  being  successfully  prevented  by  immunizing  exposed 
cattle  with  hemorrhagic  septicemia  vaccines  and  bacterins. 


*Read  before   Illinois   State   Veterinary   Medical  Association,    Champaign,   111.,  July 
8,   1919. 
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It  is  not  my  intention  in  this  paper  to  deny  the  etiological 
relationship  of  the  hemorrhagic  septicemia  organism  to  the  disease 
in  qnestion.  I  will  admit,  however,  that  the  donht  has  existed 
at  various  times.  The  mere  finding  of  the  Bacterium  hovisc])- 
ticum  in  the  blood  or  tissues  at  autopsy  is  not  sufficient  proof  in 
itself  that  the  organism  is  the  primary  infecting  agent.  Bacillus 
suipestifer  is  found  quite  frequently  in  cases  of  hog  cholera,  but 
we  know  that  is  is  not  the  cause  of  the  disease.  The  results  ob- 
tained with  hemorrhagic  septicemia  vaccines  and  bacterins  are 
certainly  suggestive,  but  it  is  so  difficult  to  get  accurate  and  reliable 
data  on  treated  and  untreated  animals  under  identical  conditions, 
that  we  must  withhold  our  final  verdict  until  such  time  as  suitable 
evidence  is  available. 

NATURE  OF  THE  DISEASE. 

First  of  all,  it  should  be  remembered  that  several  forms  of 
bovine  hemorrhagic  septicemia  have  been  described  ;  namely,  the 
abdominal,  pectoral,  nervous  or  meningeal,  and  the  cutaneous  or 
exanthematous  form.  As  implied  by  these  terms,  the  disease 
differs,  in  its  clinical  manifestations,  with  the  part  of  the  body 
affected.  The  last  named  form  of  the  disease  is  believed,  by  some 
veterinarians,  to  be  identical  with  the  so-called  "mad  itch."  Stock- 
yards fever  or  pneumonia  is  thought  to  be  the  pectoral  form  of 
hemorrhagic  septicemia. 

The  disease  in  question  seems  almost  invariably  to  be  associ- 
ated with  a  short  residence  in  certain  of  our  large  public  stock- 
yards. \\'hether  this  is  an  essential  factor  in  the  disease,  or  only 
a  coincidence,  is  open  to  question.  Young  cattle,  stockers  and 
feeders,  that  have  come  into  these  yards,  stayed  there  a  few  days, 
been  sold  and  shipped  out  again,  frequently  develop  the  disease 
shortly  after  arrival  at  their  destination.  In  most  cases  only  a 
part  of  the  animals  in  the  shipment  develop  the  disease,  sometimes 
20  per  cent,  sometimes  -K)  per  cent.  It  should  not  be  stated,  per- 
haps, that  the  disease  is  confined  to  young  cattle  of  any  special 
market  class.  It  is  possible  that  butcher  cattle  may  be  just  as 
susceptible,  but  owing  to  the  fact  that  these  cattle  are  slaughtered 
shortly  after  their  arrival  in  the  yards,  the  disease  does  not  have 
time  to  develop.  There  have  been  cases  reported  in  older  cows, 
milkers  and  springers,  animals  that  have  been  bought  up  in  the 
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stock-yards  by  scalpers  or  speculators,  and  lield  too  long  awaiting 
a  favorable  sale.  This  point  has  been  brought  out  by  Palmer,.^ 
who  observed  the  disease  in  the  South  St.  Paul  stock-yards.  That 
the  disease  has  a  rather  definite  period  of  incubation  cannot  be 
denied. 

In  most  outbreaks  of  the  disease  the  first  trouble  is  noted  in 
about  a  week  or  ten  days  after  the  cattle  have  left  the  stock-yards. 
Sometimes  a  few  cases  are  noted  earlier,  and  it  is  easily  possible 
that  such  animals  may  have  had  an  earHer  exposure  than  the  rest, 
may  have  been  in  the  yards  longer,  or  may  have  been  more  sus- 
ceptible. Cases  rarely  develop  later  than  fifteen  days  after  ship- 
ment. 

SYMPTOMS. 

In  some  cases  it  would  be  very  difficult,  indeed,  to  diflferentiate 
between  the  disease  under  consideration  and  a  case  of  ordinary 
pneumonia.  However,  with  the  history  of  having  recently  passed 
through  a  public  stock-yards,  and  a  number  of  animals  showing 
the  same  combination  of  symptoms  at  the  same  time,  a  diagnosis 
is  easily  made  in  most  cases.  One  symptom  that  may  help  to 
distinguish  this  disease  from  ordinary  pneumonia  is  the  conjuncti- 
vitis so  frequently  present,  'iliis  starts  as  a  simple  conjunctivitis, 
with  profuse  lacrimation,  and  a  pronounced  puffiness  of  the  con- 
junctivae. The  eye  troubles  may  end  here,  or  go  on  to  a  more 
severe  inflammation  of  the  conjunctivae,  extending  into  the  cornea 
(keratitis)  with  or  without  ulceration.  The  discharge  changes 
from  a  serous  to  a  mucous,  muco-])urulent  or  purulent  nature, 
sometimes  closing  the  eyes  by  sealing  the  lids  together.  In  a  few 
cases  only  one  eye  will  be  involved  in  these  further  changes,  sug- 
gesting that  they  may  be  due  to  traumatisms,  or  that  they  are 
caused  by  secondary  infections. 

The  attention  of  the  owner  or  herdsman  is  first  drawn  to  the 
sick  animals  by  their  dull  appearance  and  loss  of  appetite.  Breath- 
ing may  be  a  little  quickened,  and  forced  exercise  causes  some 
animals  to  cough.  This  is  apparently  painful  to  the  animal,  as 
it  is  suppressed,  dry,  and  harsh.  I'he  pulse  is  accelerated,  and 
in  animals  that  have  not  become  weak,  the  pulse  is  usually  strong. 
In  very  sick  animals  the  pulse  is  usually  almost  imperceptible.  The 
temperature  frequently  goes  over  107°  F.,  but  a  majority  of  the 
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sick  animals  will  show  temperatures  ranging  from  103.5°  to 
105.0'^  F.  Little  satisfaction  is  gained  from  auscultation  of  the 
lungs.  The  pneumonic  areas  in  the  lungs  are  usually  found  in 
the  apical  and  cardiac  lobes,  which  are  not  accessible  for  auscul- 
tation. Increased  breathing  sounds  are  noted,  as  well  as  friction 
sounds  in  some  cases.  There  may  be  a  blood-tinged  nasal  dis- 
charge. Pleurodynia  is  in  evidence,  when  animals  are  ])unched, 
or  when  pressure  is  applied,  over  the  ribs. 

The  bowels  may  be  constipated  or  loose.  Some  animals  develop 
a  very  severe,  fetid  diarrhea.  The  appetite  is  irregular,  and  un- 
less tempting  food  is  offered,  in  the  way  of  beets,  carrots,  or 
turnips,  either  cooked  or  raw,  gruels  or  alfalfa,  the  animals  will 
not  eat  at  all.  Rumination  is  suppressed  entirely  in  a  few  cases. 
These  animals  will  drool  profusely,  the  saliva  hanging  in  strings 
from  the  corners  of  the  .mouth,  quite  the  same  as  in  foot-and- 
mouth  disease.  Laymen  have  noted  the  fact  that  animals  which 
reach  the  drooling  stage  rarely  recover. 

COURSE    OF    THE   DISEASE. 

Some  animals  are  sick  only  a  few  days  before  death  supervenes. 
Others  will  remain  alive  for  a  week  or  ten  days  before  death 
ensues,  due  to  exhaustion,  coupled  with  toxemia,  llie  course  of 
the  disease  is  practically  unaffected  by  any  form  of  medicinal 
treatment  administered  orally.  Indeed,  this  fact  early  impresses 
itself  upon  the  minds  of  owners  of  cattle  so  treated,  the  various 
remedies  used  by  veterinarians  faring  about  alike.  Animals  that 
become  very  sick,  but  eventually  recover,  are  usually  stunted  for 
a  while  and  rarely  make  profitable  animals  to  feed.  A  small 
percentage  of  the  animals  attacked  make  quick,  spontaneous  re- 
coveries. It  is  quite  possible  that  these  animals  have  no  pulmonary 
complications  or  very  limited  involvement  of  any  structures  with- 
in the  thoracic  cavity.  Such  animals,  however,  are  sometimes 
very  sick  for  a  few  days  and  have  temperatures  running  as  high 
as  any  of  the  rest. 

POST-MORTEM    PATHOLOGY. 

As  is  to  be  expected,  the  thoracic  cavity  is  the  seat  of  most  of 
the  important  pathological  changes.  The  amount  of  pleural  fluid 
is   increased  and  it   is  u.sually  of   a  sero-gelatinous  consistency. 
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The  quantity  varies  from  a  few  ounces  to  several  quarts.  The 
lungs  show  ])etechial  hemorrhages  and  pneumonic  areas.  The 
latter  are  usually  seen  in  the  apical  and  cardiac  lobes,  less  fre- 
quently in  the  diaphragmatic  lobes.  The  lungs  in  these  cases  bear 
a  marked  resemblance  to  the  lungs  described  in  cases  of  con- 
tagious ])leuro-pneumonia,  in  that  there  is  a  distinct  "marbling" 
present.  This  is  due  to  the  edema  present  in  the  interlobular 
spaces  of  the  lungs.  Various  stages  of  congestion,  red  and  gray 
hepatization  are  present  in  the  same  lung.  On  section  the  larger 
air-passages  are  seen  to  contain  a  blood-tinged  frothy  material. 
The  larger  bronchioles  show  congestion  of  the  mucous  membrane. 
This  sometimes  extends  up  the  bronchi  into  the  trachea,  and  even 
to  the  larynx,  and  it  is  not  unusual  to  find  all  of  these  structures 
filled  with  a  frothy  exudate.  Edema  of  the  throat  has  been  noted 
in  these  cases,  and  usually  there  will  be  petechial  hemorrhages  on 
the  laryngeal  mucosa.  Areas  of  pleurisy  are  frequently  present, 
the  pleura  being  very  red  and  roughened  by  fibrin  formation. 
The  heart  shows  hemorrhages  on  the  endocardium,  sometimes 
petechial,  but  frequently  extensive  ecchymoses  are  noted.  Tess 
frequently  hemorrhages  are  seen  on  the  epicardium.  The  bron- 
chial and  mediastinal  lymphnodes  are  enlarged,  congested,  and 
hemorrhagic.  Lesions  in  other  parts  of  the  body  are  either  ab- 
sent or  not  characteristic,  varying  from  case  to  case,  with  the 
secondary  complications  shown  during  the  course  of  the  disease. 

TREATMENT. 

As  already  stated,  medicinal  treatment  is  a  failure.  Kinsley* 
has  reported  very  favorably  on  the  results  secured  with  bacterins 
prepared  from  the  Bacterium  bovisepticum.  The  same  agent  has 
been  used  successfully  to  immunize  cattle  against  the  infection, 
although  in  most  cases  where  cattle  are  immunized  in  the  yards 
before  being  shipped  out,  it  is  difficult  to  follow  them  up  and  get 
accurate  reports  of  the  result  of  vaccination.  No  news  is  usually 
taken  as  good  news,  and  a  falling  ofif  in  the  number  of  outbreaks 
reported  is  usually  credited  to  the  use  of  various  immunizing  prod- 
ucts, httle  else  being  taken  into  consideration. 

The  variety  of  conditions  under  which  these  immunizing 
agents  are  used,  and  the  present  lack  of  any  system  for  getting 
reliable  data  on  the  results  obtained,  render  it  difficult  to  place  an 
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accurate  value  on  these  products  for  prophylactic  purposes. 
AMien  we  come  to  a  consideration  of  their  use  as  curative  agents, 
we  likewise  find  all  kinds  of  opinions  expressed  as  to  their  merits. 
This  is  not  strange  when  we  consider,  first  of  all.  the  variety  of 
hacterins  and  vaccines  at  the  disposal  of  the  veterinarian,  and  in 
the  second  place  the  variety  of  conditions  under  which  they  are 
employed.  Some  veterinarians  consider  that  hacterins  and  vac- 
cines are  absolutely  contraindicated  for  treating  sick  animals. 
Atuong  those  who  use  them  we  find  the  greatest  ditTerences  as  to 
the  matter  of  dosage  and  intervals  between  doses.  In  bacterial 
vaccine  therapy,  we  should  pay  more  regard  to  the  number  of 
organisms  in  the  material  injected  than  the  size  of  the  dose,  as 
expressed  in  mils  or  cubic  centimeters.  One  mil  of  a  certain 
bacterin  may  contain  as  many  organisms  as  four  mils  of  another. 
In  the  ho])e  of  finding  an  agent  that  might  be  of  service  for 
the  treatment  of  animals  already  afifected,  the  writer  has  prepared 
an  anti-hemorrhagic  septicemia  serum.  This  is  a  hyperimmune 
serum  obtained  from  horses  highly  immunized  with  large  in- 
jections of  virulent  suspensions  of  Bacterium  bovisepticum  intra- 
venously. The  product  protects  small  laboratory  animals  from 
fatal  infection  with  virulent  organisms  injected  simultaneously. 
About  a  dozen  strains  of  the  organism  were  used  in  the  treatment 
of  the  horses,  and  their  serum  agglutinates  some  of  these  strains 
in  rather  high  dilutions.  Complement  fixing  substances  are  readily 
demonstrated  in  the  serum  of  the  horses  after  they  have  been  on 
treatment  for  some  time. 

Several  opportunities  have  been  ofifered  to  try  out  the  serum, 
in  typical  outbreaks  of  stock-yards  pneumonia,  during  the 
I>ast  two  years.  .Any  opinions  of  its  value  as  expressed  in  this 
pa])er  are  based  purely  on  personal  observations  of  the  results  ob- 
tained. In  most  cases  these  results  have  been  highly  satisfactory 
as  far  as  the  owners  of  the  cattle  were  concerned.  I  do  not 
hesitate  to  say  that  we  appeared  to  save  some  very  sick  animals 
with  large  doses  of  the  serum.  In  others,  showing  only  early 
symptoms,  these  seemerl  to  be  aborted  and  the  animals  made  un- 
eventful recoveries  following  one  injection  of  50  to  60  mils  of 
serum.  Exposed  animals  not  yet  showing  symptoms  were  given 
30  to  40  mils  of  serum,  and  almost  invariably  these  animals  failed 
to  come  down  with  the  disease,  but  in  herds  where  we  found  it 
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possible  to  leave  a  number  of  untreated  controls,  we  found  that 
very  few  of  these  animals  eventually  took  sick,  if  they  were  not 
already  showing  symptoms  when  first  examined. 

In  one  herd  where  the  serum  was  administered  to  forty  head, 
in  various  stages  of  the  disease,  all  but  two  showed  unmistakable 
signs  of  improvement  within  twenty-four  hours,  denoted  by  a  fall 
in  the  temperature,  improvement  of  the  appetite  and  general  ap- 
pearance of  the  animals.  Those  cases  which  did  not  respond  were 
the  ones  with  severe  gastro-intestinal  disturbances.  As  much  as 
200  mils  of  serum  have  been  given  to  a  steer  weighing  400  pounds, 
without  saving  tiie  animal,  while  another  of  equal  weight,  and 
to  all  appearances  just  as  sick,  has  pulled  through  with  half  that 
amount  of  serum.  It  is  quite  likely  that  these  apparently  incon- 
sistent results  will  continue  to  be  obtained  with  most  antibacterial 
sera  used  as  curative  agents.  It  could  hardly  be  otherwise  with 
so  many  complicating  factors. 

There  are  many  other  points  in  connection  with  this  disease 
that  I  would  like  to  touch  upon  in  this  paper,  but  lack  of  time 
forbids  me.  Our  investigations  are  being  continued  in  the  lab- 
oratory, and  in  the  field  as  opportunities  are  presented.  There 
is  much  still  to  be  learned  about  this  disease  we  have  called  stock- 
yards pneumonia  of  cattle,  as  well  as  all  of  the  other  diseases 
which  have  been  grouped  under  the  name  of  hemorrhagic  septi- 
cemia. In  this  paper  I  have  tried  to  confine  my  remarks  to  but 
the  one  form  of  this  disease,  one  that  appears  to  be  a  distinct 
clinical  entity.  I  have  seen  what  appeared  to  be  the  same  condi- 
tion in  a  large  band  of  sheep,  numbering  some  9,000.^  On  ar- 
rival at  their  destination  these  sheep  were  distributed  to  thirty 
dilTerent  farms.  The  disease  appeared  in  every  lot,  with  con- 
siderable variation  in  the  percentage  of  loss.  In  this  outbreak, 
as  well  as  all  outbreaks  of  the  disease  among  young  cattle,  the 
disease  failed  to  spread  to  the  native  animals  in  a  single  instance. 
This  may  not  be  strange,  when  we  keep  in  mind  the  fact  that 
animals  in  the  same  shipment  frequently  fail  to  show  any  signs 
of  the  infection.  Individual  resistance  and  susceptibility  un- 
doubtedly play  an  important  part  in  this  disease. 
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DIGITALIS  STANDARDIZATION:  A  CONSIDERATION 
OF  CERTAIN  METHODS  OF  BIOLOGICAL  ASSAY. 

Bv  L.  ^^^  rowe. 

The  physiological  standardization  of  the  drugs  comprising  the 
digitalis  series  of  heart  tonics  has  received  much  consideration  since 
Houghton^  proposed  the  first  method  for  the  assay  of  Strophan- 
thus  preparations  in  1898. 

One  of  the  more  recent  of  the  methods  pnjposed  for  stand- 
ardizing digitalis  preparations,  and  one  which  constantly  appears 
to  be  receiving  consideration,  is  the  cat  method,  which  was  sug- 
gested by  Hatcher  and  Brody-  in  1909.  In  this  method  the 
digitalis  preparation,  suitably  diluted,  is  administered  intrave- 
nously to  an  anesthetized  cat.  The  degree  of  dilution  and  size  of 
dose  are  such  that,  when  slowly  injected,  the  animal  will  be 
killed  within  90  minutes.  The  result  gives  the  M.  L.  D.  based 
on  the  amount  of  the  ])reparation  necessary  per  kilogramme 
body  weight  of  cat. 

Several  objections  have  been  raised  to  the  use  of  this  method, 
the  chief  one  being  that  the  death  of  the  cat  is  not  always  caused 
by  the  action  of  the  digitalis  on  the  heart,  since  respiration  often 
ceases  before  the  heart  stops  beating.  Other  objections  are  the 
irregularity  in  time  of  death  of  the  test  animal  and  the  difficulty 
in  obtaining  a  sufficient  number  of  cats  and  in  handling  them. 

The  experiments  reported  in  this  paper  were  carried  out,  firsts 
to  determine  whether  any  relationship  exists  between  the  results 
of  assays  by  the  cat  and  frog  methods ;  second,  to  determine  the 
accuracy  of  the  cat  method  ;  and  third,  to  suggest  certain  modi- 
fications of  the  method,  in  order  to  make  it  more  practical  for 
commercial  assay  work. 
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A  search  of  tlic  literature  reveals  the  fact  that  very  httle 
experimental  work  with  the  eat  method  has  heeii  reported  except 
hv  Hatcher  and  his  co-worker.  Eggleston.  Eckler's''  work  pub- 
lished in  1912  on  this  subject  seems  to  prove  that  the  heart  of 
the  cat  stops  beating  before  respiration  ceases.  The  ninnber  of 
samples  tested,  however,  is  too  small  to  prove  whether  the 
method  is  suital)le  for  commercial  testing.  Rowntree  and  Macht* 
in  their  work  by  this  method  have  recently  suggested  certain 
changes  which  seem  to  improve  it.  The  rate  of  injection  used  by 
Rowntree  and  Macht  is  the  most  important  of  these  changes  and 
has  been  adopted  in  my  experiments. 

In  a  later  publication,  Hatcher''  enumerates  certain  features 
which  he  claims  as  distinct  advantages,  namely,  elimination  of 
absorption,  speed  of  obtaining  results,  ease  of  liandling  animals, 
and  small  comparative  cost  of  assay.  The  method  of  adminis- 
tration certainly  eliminates  the  question  of  absorj^tion,  which  is 
an  important  factor  in  the  U.  S.  P.  frog  method.  The  most  im- 
portant consideration,  however,  in  selecting  a  method  of  assay  is 
accuracy;  this  and  cost  involved  in  obtaining  and  handling  cats 
is  open  to  question. 

While  results  can  be  obtained  more  rapidly  than  by  the  M. 
L.  D.  frog  method  it  is  doubtful  if  it  is  shorter  than  the  official 
frog  method.  Most  pharmacologists  will  agree  that  cats  are 
not  as  easy  to  work  with  as  r)ther  animals.  l)ut  a  suggestion  will 
be  made  later  which  has  seemed  to  facilitate  the  handling  of  the 
cats.  .\s  to  the  ex])ense  involved,  the  test  animals  cost  7")  cents 
instead  of  10  cents,  as  Hatcher  states,  and  then  cannot  be  obtained 
in  sufficient  numbers  for  ordinary  experimental  purposes.  Rais- 
ing cats  is  also  very  unprofitable,  and  our  experience  confirms  that 
of  Eckler"''  on  this  phase  of  the  subject. 

Eggleston's"  work  on  the  comparison  of  clinical  results  appar- 
ently established  a  ratio  between  the  M.  I^.  D.  for  cats  and  the 
dosage  for  man  by  carrying  out  clinical  experiments  in  conj miction 
with  his  cat  assays.  It  does  not  seem  necessary,  however,  that 
results  be  transferable  from  the  test  animal  to  man  in  choosing  a 
physiological  method  of  assay,  but  other  things  being  equal  it  is 
a  point  in  favor  of  the  cat  method. 

In  my  first  experiments  with  the  cat  method,  I  attempted  to 
kill  the  animal  in  as  nearly  90  minutes  as  possible  just  as  Eckler 


:\\r-> 

(li(I  ill  his  cxixTiiiiciils.  I.atci  cxpci  iiiiciils  sIkivvcI,  liowcvcf, 
that  iiiiicli  more  iiiiifonn  rcsiilK  cdiiM  lie  ohtaiiK-*!  it  the  end 
point  was  icaclicfl  in  tmiii  '10  to  I.')  iiiiiiiito,  with  ;<<)  iiiiiiiitcs  as  a 
^ood  avcraj^e.  Also,  in  the  first  expcrimcnls  the  solutions  were 
injected  at  a  nnif«iriii  rate  from  lh(  hcj^iniiiiij^  lo  ihc  death  ol 
the  animal.  Iiijeetin^  rapidly  at  first  and  then  k'^'"K  '  '"■'  every 
two  minutes  thereafter  nnlil  tlie  death  nf  tlie  animal  is  a  helter 
procednre. 

In  practieally  all  of  the  experiments  chloretone^  was  used  as 
the  anesllietie.  It  is  easily  },dven,  is  ra|)id  in  its  action,  and  in 
every  respect  is  very  satisfactory.  This  is  a  very  impDitaiit  point 
in  the  use  of  cats  as  the  injection  is  j^nven  so  easily  and  the  a(  tion 
is  so  rapid  and  pronounced.  I'or  cats  the-  solution  used  is  only 
half  as  stroll}^  as  that  .suj(j:(es(ed  for  c<»mp|(;tely  anestheli/iii^  doj^s, 
since  a  dose  of  0.15  Cjm.  to  0.20  (im.  of  chloretone  jx-r  K^,  hody 
weight  is  sufficient,  wlu;n  injected  intraperitoneallv,  to  produce  a 
satisfactory  anesthesia  which  does  not  arfe(  i  the  heart  oi  <li-press 
the  respiralr)ry  center,  and  re(|iiires  no  further  admiiii.l  ration  of 
anesthetic  after  the  first  dose.  The  use  oi  chloretone  entirely  eliui- 
inates  the  troiihle  exp(  rienccd  in  aflniinist(;rinj^  anesthetics  to  cats, 
with  the  atleiidant  danger  of  ^ivinf.(  loo  iiiik  h,  ihoii^di  of  ( diiisc  it 
does  not  (ncrcome  the  other  difficulty  of  working  with  these  ani 
nials,  namely,  tlur  insertion  of  a  cannula  into  the  small  fiiiioiai 
vein.  If  chloretone  is  user]  as  the  anesllietie  the  ruilv  |)liy->i<al  oh 
jection  to  the  use  of  the  cat  as  the  test  animal  is  the  difficulty  and 
even  impossihility  of  ohtaininj^  them  in  sufficient  nnmhers  for  assay 
purposes  and  the  trouhlc  of  workinj^  with  the  small  ami  (lelicate 
hlood-vessels  of  this  animal. 

J>ecause  of  the  j.(reater  convenience  in  iisin^  doj^s  lathei  than 
cats,  as  well  as  the  fmlher  advantaiM-^  that  doj.(s  are  more  easily 
obtained  anfl  cheaper,  1  have  made  a  series  of  tests  of  a  nnmher 
of  samples,  nsinj,'  tlu-  cat  anrl  the  flo^  in  the  modified  intravenous 
method,  and  comparinj^'  the  activities  thus  obtained  with  the  test 
of  the  sample,  by  the  minimum  lethal  dos(t  fro^  method.  The 
technirjiie  of  the  injection  irsed  in  the  later  experiments,  which  i  . 
preferable  to  that  of  Hatcher,  is  that  ai  K'owntice  and  .Mac  lit,  in 
which  approximately  one-half  rtf  the  calculaterl  amount  is  injec  ti(| 
at  the  rate  of  .'3  mils  jmt  mimite  and  the  rest  at  the  rate  of  I  mil 
every  two  minutes.     In  the  case  of  dij.(italis,  ouabain  was  not  used 
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to  complete  the  reaction,  as  originally  suggested  by  Hatcher.  By 
using  a  larger  dose,  results  equally  as  accurate  can  be  obtained 
without  the  additional  complication. 

The  dilutions  chosen  for  injection  should  be  such  that  the 
;M.  L.  D.  for  cats  is  between  10  and  25  mils;  for  dogs  between 
20  and  50  mils,  18  mils  being  a  good  average  total  dose  for  cats 
and  25  to  30  mils  being  a  good  average  total  dose  for  dogs. 

The  following  tables  of  data  give  the  results  of  tests  of  18 
samples  upon  61  cats  and  of  30  samples  upon  132  dogs: 


Table   I. — Experiments   with   Cats. 


Ouabain  "A." 

Cat 

Dil.  of 

T 

3tal 

T 

ime 

M.  L.  D. 

No. 

Sex. 

Cond. 

Weight. 

Anes. 

sample. 

dose. 

to  kin. 

per  Kg. 

1 

M 

Good 

2.12  Kg. 

Deep 

20000 

3.9 

mils 

60 

min. 

0.092   mg. 

2* 

M 

Good 

2.72   Kg. 

Deep 

20000 

6.4 

mils 

90 

min. 

0.1176  mg 

S 

M 

Good 

2.47   Kg. 

Deep 

20000 

4.7 

mils 

82 

min. 

0.095  mg. 

5 

F 

Good 

3.74   Kg. 

Deep 

20000 

6.5 

mils 

75 

min. 

0.087  mg. 

6* 

M 

Fair 

1.73  Kg. 

None 

20000 

4.4 

mils 

50 

min. 

0.127  mg. 

given 

A 

verage   M.  L. 

D.  per  Kg. 

=0.091 

mg. 

O 

LIABAIN     "B." 

10 

F 

Fair 

1.36   Kg. 

Deep 

1 

.50000 

S.75   mils 

46 

min. 

0.128   mg. 

11 

M 

Good 

2.1     Kg. 

Light 

1 

50000 

11.5 

mils 

33 

min. 

0.109  mg. 

12 

F 

Good 

2.82   Kg. 

Deep 

1 

50000 

18.5 

mils 

41 

min. 

0.131  mg. 

13* 

F 

Poor 
(kitten) 

0.86   Kg 

Deep 

1 

50000 

11.6 

mils 

38 

min. 

0.270  mg. 

15' 

M 

Fair 
(kitten) 

1.94   Kg. 

Deep 

1 

50000 

14.7 

mils 

36 

min. 

0.151   mg. 

16* 

F 

Poor 
(kitten) 

1.41   Kg. 

Deep 

1 

50000 

12.4 

mils 

48 

min. 

0.175  mg. 

A 

verage  M.  L. 

D.   per  Kg. 

=0.123 

mg. 

O 

UABAI 

N  "C." 

17 

F 

Good 

2.74   Kg. 

Deep 

1 

50000 

21.9 

mils 

58 

min. 

0.160  mg. 

18 

M 

Good 

2.84   Kg. 

Deep 

1 

.',0000 

19.2 

mils 

65 

min. 

0.135  mg. 

19 

F 

Pocr 

0.88   Kg. 

Deep 

1 

100000 

12.8 

mils 

40 

min. 

0.145   mg. 

Average  M.   L  .D.  per  Kg.=0.147  mg. 

Strophanthin   (Kombe)   Sample  No.  256490. 

51  F         Good       2.40  Kg.        Fair         1    :   30000       15.0  mils       18  min. 

52  F         Good       3.20  Kg.        Fair         1    :   30000       16.0  mils       16  min. 
5o  F         Good       2.70  Kg.        Fair         1    :   30000        15.0   mils       20  min. 


Average  M.  L.  D.  per  Kg.=0.186  mg. 


Tincture  of  Strophanthus  U.  S.  P.  1890. 


0.228  mg. 
0.166  mg. 
0.185  mg. 


20 

F 

Good 

2.28   Kg. 

Deep 

100 

13.3  mils 

87  min. 

0.059  mil 

21 

F 

Good 

2.60  Kg. 

Deep 

200 

25.3  mils 

47  min. 

0.049  mil 

22 

F 

Good 

2.50  Kg. 

Deep 

100 

14.1   mils 

30  min. 

0.056  mil 

23 

M 

Fair 

1.24   Kg. 

Deep 

100 

6.44   mils 

27  min. 

0.052  mil 

44* 

M 

Good 

3.66  Kg. 

Fair 

100 

26.0   mils 

36  min. 

0.071   mil 

Average 

M.  L. 

D.  per  Kg. 

=0.054 

mil. 
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Taule   I. — Experiments   with    Cats. 
Tincture  of  Digitalis  from   Drug  No.  2o()139. 


3at 

Dil.  of 

T 

ital 

T 

ime 

M.  L.  D 

Vo.       Sex. 

Cond. 

Weight. 

Anes. 

ample. 

d 

ISC. 

to 

kill 

per  Kg. 

24»       M 

Good 

2.00  Kg. 

Deep 

1 

:   10 

27.5 

mils 

30 

mill. 

1.38  mils 

25         M 

Fair 

1.40  Kg. 

Deep 

1 

:   10 

13.5 

mils 

21 

min. 

0.96  mils 

26         F 

Good 

1.94  Kg. 

Deep 

1 

:   10 

18.2 

mils 

30 

min. 

0.94   mils 

27         F 

Good 

2.16  Kg. 

Deep 

1 

:   10 

22.0 

mils 

fiO 

m  i  11 . 

1.0-2   mils 

Average 

M.  L. 

D.  per  Kg. 

=0.97   mil. 

Ti 

NCTURE 

OF 

Digitalis 

"A." 

36         F 

Good 

2.92   Kg. 

Deep 

:  4 

30.2 

mils 

30 

min. 

2.58  mils 

Tincture 

OF 

Digitalis 

"B." 

37»       M 

Good 

4.48  Kg. 

Fair 

:  4 

27.0 

mils 

32 

min. 

1.50  mils 

38         M 

Good 

3.00  Kg. 

Light 

:  5 

21.0 

mils 

28 

min. 

1.40  mils 

42         M 

Small 
0.  K. 

1.60  Kg. 

Light 

:   5 

11.0 

mils 

12 

min. 

1.38  mils 

Average 

M.  L. 

D.   per   Kg.: 

=1.40  mils. 

Tincture 

OF 

Digitalis 

"C." 

39         F 

Good 

2.76  Kg. 

Fair 

1 

:  5 

15.0 

mils 

15 

min. 

1.09  mils 

40         M 

Good 

2.75  Kg. 

Fair 

1 

:   5 

19.0 

mils 

25 

min. 

1.38   mils 

41          M 

Good 

3.00  Kg. 

Fair 

1 

:  5 

19.0 

mils 

24 

min. 

1.27  mils 

43          F 

Good 

3.35  Kg. 

Light 

1 

:   5 

23.0 

mils 

22 

min. 

1.37  mils 

Average 

M.  L. 

D.  per  Kg.: 

=1.28  mils. 

DiGITALONE    No.    046798. 


34 

F        Good 

2.00  Kg. 

Deep       1    :   10 

17.9   mils 

27 

min. 

0.90  mil 

Fluidextract  of  Digitalis 

,  B  No.   665561 

48 

F        Good 

2.00  Kg. 

Light      1    :   50 

14.0  mils 

14 

min. 

0.140  mil 

49 

M       Good 

3.86  Kg. 

Light      1    :   50 

33.0  mils 

37 

min. 

0.171   mil 

50 

F        Good 
Average  M.  L. 

2.30  Kg. 
D.  per  Kg. 

Fair        1    :   50 
=  0.147  mil. 

15.0   mils 

15 

min. 

0.130   mil 

Fluidextract  of  Squill. 

R 

No.   681685. 

45 

M       Good 

2.25  Kg. 

Fair        1    :   50 

13.0  mils 

15 

min. 

0.115  mil 

46 

F        Good 

2.35  Kg. 

Fair        1    :   60 

16.0  mils 

20 

min. 

0.113  mil 

47 

F        Good 
Average  M.  L. 

2.50  Kg. 
D.  per  Kg 

Very       1    :   60 
light 
=  0.112  mil. 

16.0   mils 

18 

min. 

0.107  mil 

Asterisk  after 

number   of 

experimental   animal 

means   that   resu 

t   was 

not  used   in 

determining  average. 

Table 

II.— E 
O 

'iPERIMENTS     W 
UABAIN     "A." 

iTH   Dogs. 

Dog 

Dil.  of 

Total 

Time 

M.  L.  D 

No.        Sex.     Cond. 

Weight. 

Anes 

sample. 

dose. 

to  kill. 

per  Kg. 

1          F         Good* 

7.05  Kg. 

Deep 

1    :  20000 

16.5  mils 

97   min. 

0.117   mg 

2*       F        Good* 

10.5  Kg. 

Deep 

1    :   40000 

50.0   mils 

Not  fatal 

3         M       Good* 

18.5  Kg. 

Deep 

1    :   20000 

37.5   mils 

85   min. 

9.101   mg 

Average  M.  L. 

D.  per  Kg. 

=0.109 

mg. 

Ouabain   "B." 

4         F        Good* 

9.1     Kg. 

Deep 

1    :   25000 

33.4   mils 

57  min. 

0.147   mg 

6         F        Good* 

11.9     Kg. 

Deep 

1    :   20000 

26.25   mils 

60  min. 

0.110  mg 

6*       M       Good* 

12.05  Kg. 

Deep 

1    :   25000 

48.2  mils 

40  min. 

0.160  mg 

7         F        Good 

16.4     Kg. 

Deep 

1    :   20000 

39.9  mils 

38  min. 

0.121   mg 

Average  M.  L. 

D.  per  Kg. 

=0.126 

mg. 
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Table   II. — Experiments  with   Docs   (Continued). 
Ouabain   "C." 


Dog 

Dil.  of 

Total 

Time 

M.  L.  D 

No. 

Sex. 

Cond. 

Weight. 

Aiies. 

sample. 

dose. 

to  kill. 

per  Kg. 

11 

U 

Good* 

9.0  Kg. 

Deep 

:   25000 

28.6  mils 

35  min. 

0.127  mg 

12' 

M 

Fair* 

7.0  Kg. 

Deep 

:   25000 

28.8  mils 

65  min. 

0.165  mg. 

13 

M 

Good* 

9.5  Kg. 

Deep 

:   25000 

33.0  mils 

45  min. 

0.139  mg. 

14 

F 

Good* 

17.2  Kg. 

Deep 

:   20000 

50.0  mils 

45  mill. 

0.145  mg 

lo 

F 

Fair 

6.0  Kg. 

Deep 

:   25000 

30.4   mils 

50  min. 

0.136  mg. 

16 

M 

Good* 

9.0  Kg. 

Deep 

:   25000 

33.5   mils 

30   min. 

0.149  mg. 

Average  M.  L 

D.  per  Kg. 

=  0.139 

mg. 

Strophanthin    (Kombe)   No.   183774. 

21* 

M 

Good* 

8.5  Kg. 

Deep 

:   10000 

29.1   mils 

45   min. 

0.343   mg. 

23 

F 

Good* 

10.8  Kg. 

Deep 

:    10000 

29.4  mils 

20  min. 

0.273  mg. 

24* 

M 

Good* 

13.4  Kg. 

Deep 

:   10000 

50.0  mils 

Not  fatal 

2.5 

F 

Good* 

15.0   Kg. 

Deep 

:   10000 

36.4   mils 

26  min. 

0.242  mg. 

30 

F 

Good* 

8.2   Kg. 

Deep 

:  inooo 

20.5   mils 

36   min. 

0.250  mg. 

Average  M.  L. 

D.  per  Kg. 

=0.255 

mg. 

Strop 

HANTHIN    (Kombe)    No.   256490. 

98 

M 

Good 

9.2  Kg. 

Light 

1 

:   15000 

35.0  mils 

25  min. 

0.253  mg. 

99 

F 

Good* 

12.8  Kg. 

Fair 

1 

:   15000 

45.0  mils 

12   min. 

0.234   mg. 

100 

M 

Good 

10.0  Kg. 

Fair 

1 

:   15000 

37.0  mils 

28   min. 

0.247  mg. 

101* 

M 

Good* 

14.4   Kg. 

Deep 

1 

:   10000 

41.0  mils 

18  min. 

0.284  mg. 

-Average  M.  L. 

D.  per  Kg. 

=0.245 

mg. 

Strophanthin   (K 

OMBE)     > 

'o.   2.56491. 

86* 

F 

Good 

7.56  Kg. 

Fair 

:   15000 

32.0  mils 

33  min. 

0.282   mg. 

89* 

M 

Good* 

7.6     Kg. 

Deep 

:   15000 

37.0  mils 

35  min. 

0.324  mg. 

90* 

F 

Good 

7.1     Kg. 

Fair 

:    15000 

30.0  mils 

20  min. 

0.282  mg. 

91 

F 

Good 

8.4     Kg. 

Deep 

:    15000 

30.0  mils 

17  min. 

0.238  mg. 

92 

M 

Good 

9.2     Kg. 

Deep 

:    15000 

33.0  mils 

24  min. 

0.239  mg. 

93 

F 

Good 

10.5     Kg. 

Light 

:    15000 

36.0  mils 

20   min. 

0.228   mg. 

Average  M.  L. 

D.  per  Kg.: 

=0.235 

mg. 

Tincture 

OF  Strophanthus  U.  S.  p.  1890. 

17 

M 

Good 

7.94  Kg. 

Deep 

50 

27.0  mils 

35  min. 

0.068  mil 

18* 

F 

Good* 

19.5     Kg. 

Deep 

25 

19.2   mils 

28   min. 

0.039  mil 

19 

F 

Good* 

10.45   Kg. 

Deep 

50 

26.5  mils 

38  min. 

0.051   mil 

20* 

M 

Good* 

14.10  Kg. 

Deep 

50 

26.8  mils 

40  min. 

0.038  mil 

23* 

M 

Good* 

16.7     Kg. 

Deep 

50 

35.0  mils 

60  min. 

0.042   mil 

74 

M 

Good* 

9.8     Kg. 

Fair 

50 

27.0  mils 

32  min. 

0.055   mil 

75 

M 

Good* 

13.1     Kg. 

Deep 

50 

46.0  mils 

53  min. 

0.070  mil 

76 

F 

Good* 

10.7     Kg. 

Deep 

50 

34.0  mils 

36  min. 

0.064   mil 

77 

F 

Good* 

8.3     Kg. 

Deep 

50 

21.0  mils 

37  min. 

0.051   mil 

78 

M 

Good* 

17.5     Kg. 

Light 

50 

47.0  mils 

42  min. 

0.054   mil 

79 

F 

Good* 

11.1     Kg. 

Light 

50 

34.0  mils 

31   min. 

0.061   mil 

83 

M 

Good* 

19.0     Kg. 

Deep 

40 

44.0  mils 

45   min. 

0.058  mil 

84 

M 

Good* 

15.2     Kg. 

Deep 

50 

44.0  mils 

38   min. 

0.058  mil 

106 

M 

Good* 

10.4     Kg. 

Deep 

50 

32.0   mils 

31   min. 

0.062   mil 

Average 

M.  L. 

D.  per  Kg.= 

=0.059  mil. 

Tincture  of  Strophanthu 

s,  U.   S. 

P.   1910,  B 

86068. 

63 

M 

Good* 

20.7     Kg. 

Deep 

]    : 

50 

32.0  mils 

31    min. 

0.031   mil 

«4 

M 

Good 

13.6     Kg. 

Fair 

1    : 

50 

21.0  mils 

32  min. 

0.031  mil 

65 

M 

Good 

15.0     Kg. 

Fair 

1    : 

50 

22.0  mils 

20  min. 

0.030   mil 

66 

M 

Fair 

14.2     Kg. 

Light 

1    : 

50 

23  0  mils 

36   min. 

0.032   mil 

Average  M.  L.  D.  per  Kg.=0.031   mil. 
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Table  II. — Experiments  with  Dogs  (Continued) . 
Tincture  of  Strophanthus,  1910,  U  683866. 


Dog 

No. 

Sex. 

Cond. 

Weight. 

Anes. 

Dil.  of 
sample. 

Total 
dose. 

Time 
to  kill. 

M.  L.  D. 
per  Kg. 

lis 

M 

Good 

14.0      Kg. 

Fair 

1 

50 

15.0  mils 

18  mill. 

0.021  mil 

119 

M 

Good 

10.2     Kg. 

Fair 

1 

75 

20.0  mils 

25  mill. 

0.026  mil 

120« 

M 

Fair* 

6.75  Kg. 

Deep 

1 

7r> 

14.0  mils 

14   min. 

0.0276  mil 

121 

F 

Good* 

12.0     Kg. 

Fair 

1 

KlO 

25.0   mils 

20   min. 

0.021   mil 

A 

verag 

e  M.  L. 

D.  per  Kg 

=0.0227 

mil. 

Tincture  of  Digitalis 


26 

M 

Good* 

9.75  Kg.       Deep 
Tincture  of 

1    :   2 
Digitalis, 

35.0  mils 
R  674678. 

86 

min. 

1.14 

mils 

31 

F 

Good* 

9.75  Kg.        Deep 

1    :  2 

37.8  mils 

42 

min. 

1.94 

mils 

32 

M 

Good* 

7.07  Kg.       Light 

1    :   25 

34.5   mils 

30 

min. 

1.95 

mils 

33* 

F 

Poor 

4.75   Kg.        Light 

1    :   3 

31.0  mils 

57 

min. 

2.18 

mils 

Average  M.  L.  D.  per  Kg. =1.95  mils. 

Tincture  of  Digitalis  "A." 


35*       M 

Good* 

10.5     Kg. 

Deep 

1    : 

2 

42.0 

mils 

50 

min. 

2.0 

mils 

36         M 

Good* 

7.2     Kg. 

Deep 

1    : 

3 

59.0 

mils 

80 

min. 

2.73 

mils 

37         F 

Good 

7.75  Kg. 

Fair 

1    : 

3 

67.5 

mils 

85 

min. 

2.90 

mils 

38          M 

Good 

7.1     Kg. 

Fair 

1    : 

9 

44.0 

mils 

68 

min. 

3.09 

mils 

Average 

M.  L. 

D.  per  Kg 

=2.91  mils; 

Tincture  of 

Digitalis,  R 

6765 

93. 

49          F 

Good* 

8.8     Kg. 

Fair 

1    : 

3 

32.0 

mils 

50 

min. 

1.21 

mils 

50         M 

Good* 

10.7     Kg. 

Deep 

1    : 

3 

36.3 

mils 

50 

min. 

1.13 

mils 

Average 

M.  L. 

D.  per  Kg. 

=1.17   mils. 

Tincture  of  Digitalis, 

R  676593    (Adjusted). 

52*        F 

Good* 

9.0     Kg. 

Deep 

3 

45.0 

mils 

40 

min. 

1.66 

mils 

53          F 

Good 

6.1     Kf. 

Light 

3 

33.0 

mils 

62 

min. 

1.80 

mils 

54*        F 

Good* 

10.0     Kg. 

Deep 

3 

47.6 

mils 

27 

min. 

1.59 

mils 

56          F 

Good 

8.3     Kg. 

Fair 

3 

49.0 

mils 

50 

min. 

1.97 

mils 

57          F 

Good 

9.65  Kg. 

Fair 

3 

57.0 

mils 

58 

min. 

2.00 

mils 

Average 

M.  L. 

D.  per  Kg. 

=1.92  mils. 

T 

INCTURE 

OF  Digitalis 

"B." 

59         F 

Good 

6.9     Kg. 

Fair 

1    : 

3 

29.0 

mils 

33 

min. 

1.40 

mils 

85»       F 

Very 
Poor 

5.0     Kg. 

Light 

1    : 

.S 

30.0 

mils 

42 

min. 

2.00 

mils 

87          F 

Good 

11.4     Kg. 

Fair 

1    : 

3 

50.0 

mils 

48 

min. 

1.46 

mils 

88*        F 

Poor 

5.8     Kg. 

Fair 

1    : 

3 

34.0 

mils 

36 

min. 

1.95 

mils 

No.  85  had  distemper  and  No.  88  was  mangy  and  emaciated. 
Average  M.  L.  D.  per  Kg.=:1.43  mils. 

Tincture  of   Digitalis  "C." 


60 

M 

Good* 

12.1     Kg. 

Deep 

1    :   3 

45.0   mils 

40 

mill. 

1.24 

mils 

61 

M 

Good 

9.55  Kg. 

Light 

1    :   3 

37.0  mils 

37 

min. 

1.29 

mils 

62 

F 

Small* 

7.9     Kg. 

Deep 

1    :   3 

27.0   mils 

20 

min. 

1.14 

mils 

Average 

M.  L. 

D.  per  Kg. 

=  1.22  mils. 

Tincture  of 

Digitalis, 

R   C136053. 

114* 

M 

Good* 

11.0     Kg. 

Deep 

Undn. 

14.0  mils 

24 

min. 

1.27 

mils 

115 

M 

Good 

13.6     Kg. 

Deep 

Undil. 

21.0  mils 

30 

min. 

1.54 

mils 

116 

M 

Good 

7.75   Kg. 

Fair 

1    :  2 

32.0   mils 

46 

min. 

1.83 

mils 

117 

M 

Good* 

14.6     Kg. 

Deep 

Uhdil. 

22.0  mils 

28 

min. 

1..50 

mils 

Average  M.  L.  D.  per  Kg.:=1.62  mils. 
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Table  II. — Experiments  with  Dogs  (Continued). 
Dir.iTALONE,    No.   046798. 


Dog 

No. 

27 
28 
29 


Sex 
M 
M 
M 


Cond. 
Good* 
Good* 
Good' 


Weight. 
6.8     Kg. 
8.8     Kg. 
9.4     Kg. 


Anes. 
Deep 
Fair 
Deep 


Average  M.  L.  D.  per  Kg.=1.53  mil 


Dil.  of 
sample. 

1  :  :? 
1  :  3 
1    :   2 


Total 
dose. 

31.5  mils 
29.5  mils 
2f>.0   mils 


Time 
to  kill. 

105  min. 
70  min. 
30   min. 


M.  L.  D. 
per  Kg. 

1.54  mils 
1.67  mils 
1.38  mils 


DiGITALONE,    No.    049780. 


107 
108 
110 


F        Good*     9.7     Kg.       Deep       Undil. 
M       Good*  13.35  Kg.       Fair         Undil. 
M       Good       8.8     Kg.       Light      1    :  2 
Average  M.   L.  D.  per  Kg.=1.76  mils. 


17.0   mils 

20   min. 

1.75 

mils 

23.0   mils 

30   min. 

1.73 

mils 

32.0  mils 

27   min. 

1.81 

mils 

Fluidextract  of   Digitalis,   R   665561. 


68 
09 
70* 
71 


F  Good*  12.9  Kg. 
M  Good*  16.5  Kg. 
M  Good  8.45  Kg. 
Af  Good  17.8  Kg. 
F  Small  6.25  Kg.  Light  1  : 
Average   M.   L.    D.    per   Kg.=0.183   mil. 


Fair 

1 

20 

Deep 

1 

10 

Light 

1 

20 

Deep 

1 

10 

47.0 

mils 

.'.0 

min. 

0.186 

mil 

29.0 

mils 

25 

min. 

0.176 

mil 

40.0 

mils 

52 

min. 

0.236 

mil 

31.0 

mils 

30 

min. 

0.174 

mil 

25.0 

mils 

29 

min. 

0.200 

mil 

Solid   Extract    of    Digitalis,    IJ   661579. 


80 
81 


Good* 
Good 


2il.0 
10.0 


Kg. 
Kg. 


Fair 
Deep 


30 


M       Good*  14.7     Kg.        Deep     1    : 
Average  M.  L.  D.  per  Kg.=0.0G2  Gm. 


34.0   mils 

4,s 

min. 

0.057 

gm. 

35.0   mils 

50 

min. 

0.070 

gm. 

26.0   mils 

35 

min. 

0.059 

gm. 

Fluidextract    of    Squill,    IJ    675384. 


39* 

40 

41* 

42 

43* 

44 

45 

48* 


Good*  13.0     Kg.       Deep      1 


Good       9.0  Kg. 

Good*  11.2  Kg. 

Good     10.7  Kg. 

Good*  13.5  Kg. 
Good       7.3 


Deep  1 
Deep  1 
Deep  1 
Deep  1 
Kg.  Very  light  1 
Good  9.0  Kg.  Very  light  1 
Good*  12.8     Kg.        Deep       1 


10 
15 
15 
15 
15 
15 
15 
15 


24.0  mils 

21.2  mils 

31.1  mils 
25.8  mils 
30.0  mils 
17.0  mils 
22.0  mils 

36.3  mils 


65  min. 
30  min. 
4S  min. 
41   min. 

34  min. 
32  min. 
60  min. 

35  min. 


0.1S5  mil 

0.156  mil 

0.1S4  mil 

0.160  mil 

0.148  mil 

0.156  mil 

0.163  mil 

0.190  mil 


Average    M.    L.   D.    per    Kg.=0.159    mil. 


Fluidextract  of   Squill,  P>  681685. 


102 

F 

Good 

15.9 

Kg. 

Deep 

I    :   10 

28.0  mils 

20  min. 

0.176  mil 

103* 

M 

Poor 

14.25 

Kg. 

Deep 

I    :   10 

20.0  mils 

12  min. 

0.140  mil 

104 

F 

Fair 

8.7 

Kg. 

Fair        1 

:   20 

28.0  mils 

32  min. 

0.161   mil 

105 

M 

Good 

10.0 

Kg. 

Deep      ] 

:   15 

24.0   mils 

19  min. 

0.160  mil 

109 

F 

Good 

7.8 

Kg. 

Light      1 

:   20 

24.0   mils 

27   min. 

0.154   mil 

Average  M.   L.  D.  per  Kg.=0.163  mil. 


Fluidextract  of  Squill,  R  C134342. 


55 

58 


20 
20 


31.5  mils 
31.0  mils 


27  min. 
36   min. 


0.108  mil 
0.123  mil 


M       Good*   14.5     Kg.        Deep       1 
M       Good*   12.6     Kg.        Deep       1    : 
Average   M.   L.   D.   per  Kg.=0.115   mil. 
Asterisk  after  number  of  experimental   animal   means  that   result    was   not   used   in 
determining  average. 

In  Talile  11  asterisk  after  condition  of  dog  means  that  animal  had  l)cen  used  prior 
to  the  test  of  the  heart  tonic. 
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Tables  I  and  11  give  in  as  c()nci>c  a  form  as  possible  all  of  tbe 
data  whicb  is  necessary  to  a  critical  analysis  of  tbe  results  reported. 
An  attempt  was  made  to  test  a  variety  of  prejmrations  and  yet 
to  test  several  different  samples  of  eacb  type.  Tbe  results  are 
summarized  in  the  followin_G^  Tables  III  and  IV': 

T.\BLE  III. — Comparison  of  Average  M.  L.  D.  to  Cats  and   Dogs. 

Cats. 
Sample.  M.  L    D.  per  Kg. 

Ouabain    "A"  0.092  mg. 

Ouabain    "B"  0.12,':!  nig. 

Ouabain   "C"  0.1 47  mg. 

Ouabain   "D"  0.1.34  mg. 

Strophantliin 

No.    2.56490  0.186  mg. 

No.    256491 

No.   183774  

Tr.  Strophanthus 

n.    S.    p.   1890 O.0r>l   mil 

R    86068    

R     6S1309     0.0179   mil 

B   C83866    0.0179  mil 

Tr.   Digitalis 

No.     250139     0.97  mil 

B    674678     

"A"     2.58  mils 

H    676593     

B    676593    (Adj.)     

"B"    1.40  mils 

"C"     1.28  mils 

"D"     1.56  mils 

IJ    C136053    

Digitalone 

No.     046798     0.90   mil 

No.    049780    

F.   E.   Digitalis 

B    665561     0.147   mil 

S.  E.  Digitalis 

B    661579     

F.  E.  Squill 

B    673584  

B    681685  0.112   mil 

B    134342  

Tr.  Digitalis 
Unknown 
Activity     0.98  mil 

Tr.  Strophanthus 

Unknown    activity    0.0286  mil 

Ouabain 
Unknown    activity     0.202   mg. 


Dogs. 
M.  L.  D.  per  Kg. 

Rati.). 

0.109  mg. 

1 

to   1.2 

0.126   mg. 

1 

to   1.02 

0.139  mg. 

1 

to  0.96 

0.151  mg. 

1 

to  1.12 

0.245   mg. 

1 

to  1.31 

0.235  mg. 

0.255  mg. 

0.059  mil 

1 

to  1.09 

0.031   mil 

0.026.3   mil 

1 

to   1.47 

0.0227   mil 

1.14   mils 

1 

to   1.17 

1.95   mils 

2.91   mils 

1 

to   1.13 

1.17   mils 

1.92   mils 

1.43   mils 

1 

to    1.02 

1.22   mils 

1 

to  0.95 

1.82   mils 

1 

to  1.17 

1.62   mils 

].5:i  mils 

1 

to    1.7 

1.76  mils 

0.183   mil 

1 

t;    1.24 

0.062   Gm. 

0.159   mil 

0.163   mil 

1 

to   1.45 

0.115  mil 

• 

0.134   mil 

1 

to   1.37 

0.0326  mil 

1 

to   1.14 

0.191   rag. 

1 

to  0.95 
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Table  IV. 

M.  L.  D.  frog  method. 

Sample.                                                                Cat  units.  Dor  units.  Heart  tonic  units. 

Ouabain    "A"     10,989  9174  201,500    (101%) 

Ouabain    "B"    8,130  7936  185,200   (937o) 

Ouabain    "C"    6,802  7194  197,600   (98  7o) 

Ouabain    "D"    7,462  6622  177,800   (89%) 

Strof^hanthin 

No.    256490     5.376  4081  LOO. 000    (150%) 

No.    256491     4255  ]71,000    (171%) 

Tr.  Stroph. 

U.    S.    P.    1890 18.5  17.0  650   (50%) 

n    86068     32.2  815(62.7%) 

R     681309     55.86  41.1  1500(115%) 

R    683866     44.0  1978(136%) 

Tr.   Digitalis 

No.    250139     1.03  0.88  10.0      (166%) 

R    674678    0.51  5.0      (83%) 

"A"     0.387  0.343  2.0      (33%) 

R    676593    0.854  8.25(137.5%) 

R   676593    (Adj.)     0.52  6.67(111%) 

"B"     0.71  0.70  9.52(158%) 

"C"     0.78  0.82  6.06    (101%) 

"D"     0.64  0.55  5.0     (83%) 

R    136053    0.64  0.62  9.17   (153%) 

Digitaloie 

046798     1.1  0.65  5.9      (98%) 

049780    0.57  6.6      (110%) 

F.  E.  Digitalis 

R    665561    6.8  5.5  72.0      (110%) 

S.  E.  Digitalis 

R    661579    16.1  140.0      (70%) 

F.  E.  Squill 

R    675384    :  6.3  120.0      (150%) 

R    6S1685    6.1  100.0      (125%) 

R    134342    8.7  140.0      (175%) 

Tr.   Digitalis 

Unknown     activity     1.02  0.746  8.0      (133%) 

Tr.   Stroph. 

Unknown     activity      35.0  30.4  1000      (77%) 

Ouabain 

Unknown   activity    4950  5235  114,300      (57%) 

Table  III  gives  the  average  M.  L.  1).  decided  upon  from  the 
data  obtained  in  the  test  of  each  sample  upon  either  cats  or  dogs. 
Whenever  the  sample  was  tested  upon  both  cats  and   dogs  the 

ratio  of  the  M.  L.  D.  for  the  cat  to  that  for  the  dog  is  placed  in 
the  fourth  column.     In  this  table  it  is  plainly  shown  that  there 

is  no  constant  relation  between  the  M.  L.  D.  of  a  sample  to  cats 

and  that  of  the  same  sample  to  dogs.     In  general,  it  can  be  stated, 

however,  that  the  M.  L.  D.  per  Kg.  body  weight  is  slightly  greater 
for  the  dog  than  for  the  cat. 
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Table  IV  gives  the  comparative  results,  in  units,  of  the  tests 
of  samples  upon  the  cat,  dog  and  frog.  The  cat  unit  is  defined 
by  Hatcher  as  the  amount  of  drug  which  is  just  sufficient  to  kill 
one  kilogramme  of  cat  when  slowly  and  continuously  injected  into 
the  vein.  The  number  of  units  per  gramme  of  the  pure  prin- 
ciples or  per  mil  of  tinctures  or  fluidextracts  is,  therefore,  one 
divided  by  the  average  M.  L.  D.  per  Kg.  as  determined  in  the 
test.  This  exact  ])rocedure  was  also  used  in  determining  the 
number  of  dog  units  in  each  preparation.  In  the  case  of  the 
M.  L.  D.  frog  test  the  Heart  Tonic  Unit  is  ten  times  the  mini- 
mum lethal  dose  per  gramme  body  weight  of  standard  test  frogs 
kept  under  proper  test  conditions.  The  number  of  heart  tonic 
units  per  gram  or  per  mil  of  a  preparation  is,  therefore,  one  di- 
vided by  10  times  the  normal  M.  L.  D.  per  gramme  body  weight 
of  frog.  The  percentage  which  is  placed  in  parentheses  after  the 
number  of  heart  tonic  units  found  for  each  sample  is  the  strength 
of  the  sami)lc  in  terms  of  the  standard  which  has  been  adopted  for 
that  particular  preparation. 

This  table  (IV)  shows  that  there  is  no  definite  relation  be- 
tween either  the  ]\I.  L.  D.  of  a  sample  to  the  cat  and  M.  L.  D. 
to  the  frog  or  between  the  ^M.  L.  D.  to  the  dog  and  that  to  the 
frog.  In  the  case  of  the  samples  of  ouabain,  sample  "C"  was 
a  close  second  in  activity  to  sample  "A"  by  the  frog  test,  while 
by  the  cat  and  dog  tests  it  was  a  poor  third.  The  third  sample 
of  Tr.  Strophanthus  was  three  times  as  active  as  the  first  sample 
by  the  cat  test  and  but  2.3  times  as  active  by  the  frog  test.  The 
second  sample  of  Tincture  of  Stroi)hanthus  was  nearly  twice  as 
active  as  the  first  by  the  dog  test  while  it  was  but  1^  times  as 
active  by  the  frog  test.  Particularly  in  the  tests  of  samples  of 
Tincture  of  Digitalis  are  the  inconsistencies  of  the  M.  L.  D.  to 
dogs  plainly  shown.  One  sample,  I^  6765!)3,  was  diluted  on  the 
basis  of  the  original  frog  assay  to  80  per  cent  of  its  original 
strength,  and  the  assay  of  the  diluted  product  by  the  M.  L.  D. 
frog  test  checked  the  dilution  almost  exactly,  while  the  assay  of 
these  samples  upon  dogs  showed  the  diluted  product  to  be  but 
60  per  cent  as  strong  as  the  original.  Several  other  instances  of 
inconsistency  between  the  results  obtained  upon  dogs  and  frogs 
might  be  pointed  out,  but  they  can  be  readily  seen  upon  close  ex- 
amination of  the  results. 
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In  order  to  arrive  at  the  relative  accuracy  of  the  three  methods 
in  as  nearly  an  unprejudiced  a  manner  as  ])ossil)le.  and  to  check 
the  results  rejmrted  in  the  preceding-  tahles,  three  samples  were 
submitted  for  test.  The\'  w  ere  prepared  l)y  dilutini;"  or  con- 
centrating,^ certain  lots  which  had  l)een  tested  by  all  three  methods. 
but  the  degree  of  dilution  or  concentration  was  entirely  imknown 
to  the  writer  until  after  the  tests  were  completed  and  results  re- 
ported. Tables  \'  and  VI  give  the  detailed  reports  of  the  tests 
as  well  as  the  comparison  of  the  residts  obtained  with  the  actual 
change  which  was  made. 


Tablf.  W — Orkunal  Samples   fiiom   Which   Unknowns  Werk  Made. 
Tincture   of   .Strophanthcs. 


Test  on  Dogs. 

Dilof 

Total 

Time 

M.L.  D 

\(,. 

Sex. 

Coiul. 

We 

ght. 

.\nes.        -sample. 

d 

ise. 

t( 

kill. 

per  kg. 

94* 

F 

Good 

12. S 

Kg. 

Fair        1    :    UK) 

30.11 

mils 

35 

mill. 

0.0234   mil 

9.T 

M 

Fair 

7.2 

Kg. 

Fair         1     :    liHl 

1(1.0 

mils 

26 

min. 

0.0277   mil 

96 

F 

Good* 

9.S 

Kg. 

Deep        1    :    IDii 

26.0 

mils 

24 

mill. 

0.0265  mil 

97 

M 

Good 

11.5 

Kg. 

Fair         1     :    llin 

29.0 

mils 

32 

min. 

0.0252  mil 

112 

F 
-Average 

Good* 
M.   L. 

11.6 
D.   , 

Kg. 
er   Kg 

Deep       1    :   .')0 
=0.0263   mil. 

Test  on   Cats. 

15.0 

mils 

14 

min. 

0.0259  mil 

54 

F 

Good 

2.7 

Kg. 

Light       1    :   2.-|0 

12.0 

mils 

12 

min. 

0.0180  mil 

55 

F 

Good 

2.9 

Kg. 

Fair         1    :   25(1 

13.(1 

mils 

35 

min. 

0.0179   mil 

56* 

M 

Good 

3.3 

Kg. 

Fair         1    :   250 

20.0 

mils 

38 

min. 

0.0242   mil 

57 

M 

Good 

3.7;' 

Kg. 

Fair         1    ;   25(i 

17.(1 

mils 

25 

min. 

0.0180   mil 

61 

F 

Good 

2.4r 

Kg. 

Fair         1    :    2.')ll 

13.0 

mils 

21 

min. 

0,0177   mil 

Average 

M.  L. 

D.  i)er  Kg.= 

=0.0179   mil. 

Tincture  of    Digitalis 

"D.' 

Test  on   Dogs. 

122* 

F 

Poor 

S.."i 

Kg. 

Fair         1 

2 

24   mils 

30 

min. 

1.41   mils 

12.-', 

.^r 

Goon 

!.-..() 

Kg. 

Fair          1 

■> 

50   mils 

54 

min. 

1.66  mils 

124 

F 

Good 

r..i 

Kg. 

Fair          1 

2 

22   mils 

37 

min. 

1.80  mils 

125 

M 

Good 

10.6 

Kg. 

Fair         1 

■> 

41   mils 

52 

min. 

1.93  mils 

132 

F 

Good 

9.6 

Kg. 

Fair         1 

2 

IS   mils 

35 

min. 

1.88  mils 

Average 

M.  L. 

D.  p 

er  Kg.: 

=  l.S-2   mils. 

Test   on   Cats. 

' 

64 

M 

Fair 

1.6 

Kg. 

Fair          1     :   6 

15   mils 

30 

min. 

1.56  mils 

65 

F 

Fair 

2.4 

Kg. 

Fair          1     :    6 

20   mils 

40 

min. 

1.39  mils 

66 

M 

Fair 

3.65 

Kg. 

Fair          1    :   (i 

38   mils 

00 

min. 

1.73   mils 

Average 

M.  L, 

D.   per   Kg. 

=  1.56   mils. 

Ouabain    "D." 

Test  on  Dogs. 

]2r, 

M 

Good 

9.9 

Kg. 

Fair         1 

20000 

30.0 

mils 

42 

min. 

0.151   mg. 

127 

F 

Good 

14.6;- 

Kg. 

Fair         1 

20000 

40.0 

mils 

35 

min. 

0.137  mg. 

128 

M 

Good 

17.1 

Kg. 

t-'air          1 

10000 

28.0 

mils 

37 

min. 

0.164   mg. 

129* 

M 

Good 

12.4 

Kg. 

Light       1 

lOOOO 

23.0 

mils 

34 

min. 

0.185  mg. 

Average 

M.  L. 

D.  per  Kg. 

=  0.151  mg. 
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T\BLE  \'. — Original   Sa.mplks   from    Which    Unknowns  Wkrk   Made    (Continued). 

Ouabain    "D" — Continued. 

Test  on  Cats. 


Dil  of 

["otal 

Time 

.\I.  L.  D 

No. 

Sex. 

Cond. 

Weight. 

Aiies. 

sami)le. 

dose. 

to  kill. 

per  kg. 

67* 

F 

Kitten 

1..S      Kg. 

Fair 

1    :    7.J0IM1 

17 

mils 

38  min. 

0.174   mg 

68 

F 

C,>od 

x>.r,     Kg. 

Fair 

1    :   .-)0000 

17 

mils 

26  min. 

0.136  mg 

C9* 

F 

Kitten 

1.0     Kg. 

Fair 

1    :   50000 

11 

mils 

30   min. 

0.220  mg 

70 

M 

Good 

3.05   Kg. 

Fair 

1    :   500(10 

20 

mils 

.'<4    min. 

0.131   mg 

A 

verage 

M.  L. 

D.  per  Kg. 

=  0.134 

mg. 

135 

F 

136 

AI 

139* 

M 

140* 

M 

141 

M 

142 

M 

14S 

M 

Average 

58 

F 

59 

M 

60 

F 

Average 

Samples    (Activity    Unknown    at    Timk    of    Tkst). 
Tincture  of   Strophanthus   from    U   681309. 

Test  on  Dogs. 

Liglit       1  to  .'lO 

1  to  50 

1  to  .')(! 

1  to  50 

1  to  50 

1  to  50 

1  to  7.'> 


14.4 

Kk. 

1 1  .s.-. 

Kg. 

8.2 

Kg. 

10.6 

Kg. 

17.4 

Kg. 

10.6 

Kg. 

11.0 

Kg. 

62  M 

63  M 
Average 


14:;  F 

]4(i  M 

147  F 

Average 

71*        F 

72  M 

73  F 
Average 


T.ight 
Fair 
Fair 
Fair 
Fair 
Fair 
M.  L.  D.  per  Kg.=0.0326  mil. 

Test  on   Cats 

2.5  Kg.  Fair  1  to  250 
3.75  Kg.  Fair  1  to  200 
2.9     Kg.        Fair         1   to  250 

M.   L.   D.  per  Kg.=0.0287  mil. 

Tincture  of  Digitalis  from 
Test  on  Dogs. 
Fair         1   to  2 
Fair         1   to   2 
Fair  1    to   2 

Fair  1    to   3 

:1.34    mils. 

Test  on   Cats. 
3.2      Kg.        Fair         1    to   5 

2.6  Kg.        Light       1   to  6 


hs 

mils 

24 

min. 

0.0250 

mil 

20 

mils 

38 

min. 

0.0337 

mil 

18 

mils 

31 

min. 

0.0440 

mil 

23 

mils 

35 

min. 

0.0434 

mil 

29 

mils 

40 

min. 

0.0330 

mil 

17 

rrils 

20 

min. 

0.0320 

mil 

26 

mils 

35 

min. 

0.0315 

mil 

133* 

M 

10.0 

Kg. 

134 

M 

9.5 

Kg. 

138 

M 

8.9 

Kg. 

144 

.\r 

5.9 

Kg. 

Average    M.   L.    D.   per   Kg. 


Good 
Good 


18  mils 

19  mils 
23   mils 


22  mils 

23  mils 
23  mils 
2.')  mils 


15  mils 

16  mils 


M.   L.   D.   per   Kg. =0.98   mil. 

Ouabain   from   'T). 
Test   en   Dogs. 
11.4      Kg.        Light       1    to    1.-. 


Kg. 
Kg. 
Kg. 


34  mils 
25  mils 
22   mils 


Fair        1    to   15 
Fair         1    to   15 
M.  L.   D.  per  Kg.  =  0.191  mg. 

Test  on   Cats. 
Kitten     1.2      Kg.        Fair         1   to  50000 
Good        2.94   Kg.        Good        1    to   4o0o0 
Good        2.5     Kg.        Fair         1    to   4()()oo 
M.    L.   D.  per  Kg.=2.20  mg. 

Table  \T. — Re.«ults  of  Test   L'nknowns 

-%  of  Original. — 
Cats. 

62.6% 

159% 

63% 


34   min. 
24   min. 

37   min. 


38  min. 
48  min. 
45  min. 
36  min. 


20  min. 
30   min. 


4.S  mm. 
33  min. 
27   min. 


0.0288  mil 
0.0253  mil 
0.0319   mil 


1.1  mils 

1.31  mils 

1.29  mils 

1.41  mils 


0.94  mil 
1.02  mils 


0.19S  mg. 
0.185  mg. 
0.190   mg. 


15 

mils 

40   min. 

0.250 

mg 

25 

mils 

45   min. 

0.213 

mg 

19 

mils 

34    Pi  ill. 

0.19(1 

mg. 

Sample.  Dogs. 

Tr.     Stroph     74.5% 

Tr.    Digitalis     135% 

Ouabain      79% 


Frogs. 

66.7% 

160% 

64% 


Correct 
percent. 

66.7% 

150% 

60% 
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From  the  results  of  the  test  of  the  unknowns  reported  in  Table 
\'I,  it  can  be  seen  that  the  frog  assay  is  the  more  reliable  since  in 
one  case  the  rejXDrt  was  exactly  right,  and  in  the  other  two  slightly 
high  (a  matter  of  about  7  per  cent).  Two  of  the  results  on  the 
dogs  were  considerably  high,  while  the  third  was  about  as  much 
too  low,  showing  no  consistency  toward  either  high  or  low  results. 
The  results  on  the  cats  were  much  better  than  those  on  the  dogs 
but  not  quite  as  good  as  those  obtained  by  the  frog  method.  Be- 
cause of  the  fact  that  we  have  used  the  M.  L.  D.  frog  method 
for  so  many  years  to  check  up  dilutions  (based  on  original 
assays)  of  commercial  lots  and  have  with  very  few  exceptions 
found  it  to  be  accurate,  it  seems  that  the  results  obtained  from 
this  small  series  of  unknowns  is  entirely  representative  of  the 
relative  merits  of  the  method. 

Enough  data  was  not  obtained  with  cats  to  prove  absolutely 
that  they  are  as  unsatisfactory  as  dogs,  and  in  fact  I  scarcely  be- 
lieve that  they  are,  but  the  data  reported  in  Table  IV  indicates 
that  there  is  no  real  consistency  between  the  results  obtained 
when  using  the  cat  and  those  obtained  with  the  frog.  Since  the 
frog  method  vindicated  itself  so  satisfactorily  in  the  test  of  the 
unknowns  it  seems  hardly  possible  that  the  cat  method  can  be 
considered  to  possess  the  same  degree  of  accuracy. 

It.  therefore,  seems  most  logical  to  conclude  from  the  results 
reported  that  no  relationship  exists  between  the  M.  L.  D.'s  of 
heart  tonic  preparations  to  cats,  dogs  and  frogs,  and  that  conse- 
quently, since  the  frog  method  has  shown  itself  to  be  the  most  ac- 
curate by  tests  of  samples  of  unknown  activity,  the  M.  L.  D. 
frog  method  is  the  most  accurate  of  the  three.  This  being  true, 
there  should  certainly  be  no  hesitancy  as  to  the  choice  of  the 
method  for  use  in  quantitative  assay  work,  even  though  it  might 
possibly  be  proved  that  the  cat  or  dog  method  is  a  little  the  less 
expensive  and  that  results  can  be  obtained  in  a  somewhat  shorter 
time  than  with  the  frog  method. 
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MAINTAINING  FROGS  FOR  TEST  PURPOSES.- 

By  L.  W.  Rov/e. 

The  proper  maintenance  of  a  supply  of  normal  frogs  through- 
out the  year,  when  fresh  supplies  are  not  available  daily,  requires 
special  facilities  to  avoid  excessive  losses  and  to  insure  uniform 
results  when  standardizing  preparations  of  heart  tonics  of  the 
digitalis  series  by  the  frog  methods. 

The  chief  .source  of  trouble  lies  in  the  variation  in  temperature 
of  the  water  in  which  the  frogs  are  stored.  In  the  summer  the 
tap- water  in  the  mains  rises  to  24°  and  27°  C,  which  is  too  warm, 
causing  epidemics  of  disease  to  flourish  among  the  frogs.  In  the 
winter  the  temperature  of  the  tap-water  goes  as  low  as  4°  C,  and 
at  this  temperature  the  frogs  are  too  sluggish.  Furthermore,  in 
the  winter  the  sudden  change  of  the  frogs  from  the  very  cold 
water  to  that  in  which  the  tests  are  conducted  is  not  uniformly 
responded  to  even  if  they  are  placed  in  the  warmer  water  an 
hour  or  two  before  injections  are  made. 

It  was.  therefore,  thought  desirable  in  our  laboratory  to  con- 
trol the  temperature  of  the  water  entering  the  frog  tank  so 
that  it  would  be  the  same  during  the  entire  year.  The  task  be- 
comes more  complicated  when  it  is  realized  that  the  tap-water 
must  be  artificially  cooled  in  the  summer  and  warmed  in  the 
winter. 

The  sketch  represents  the  arrangement  of  the  apparatus  and 
the  tank.  Tlie  tank  itself  is  made  of  copper  and  placed  in  a 
chamber  4  ft.  x  4  ft.  x  4  ft.,  five  sides  of  which  are  sealed  and 
insulated  from  room  temperature  by  a  thick  layer  of  cork  board. 
The  sixth  side  is  a  tight- fitting  refrigerator  door  with  three  spaced 
panes  of  glass.  Since  the  door  is  opened  only  two  or  three 
times  a  day  the  air  in  the  chamber  is  maintained  at  approximate- 
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ly  the  sanif  temperature  as  the  iiieoniinsj;  water.  From  the  sketch 
it  can  he  seen  that  three  pipe  Hnes,  for  hot  water  (E).  tap-water 
(Cj),  and  iee-cooUd  water  (  F),  res]:)eetively.  supply  the  tank.  The 
refrijTerator  tdr  eoolinj;  the  water  is  located  helow  the  sealed 
chamher.  The  thermometer  (A)  shows  tlie  tem])erature  of  the 
water  enttrini"   the  tank. 


Ai)])aratus    riini    'I'ank    lor    ]V[aintaining    Frogs    for    Test    Purposes. 


The  apparatus  wliich  controls  the  temperature  of  the  water 
which  enters  the  tank  is  known  as  the  Sylphon  Tank  Regulator 
and  is  made  by  the  American  Radiator  Co.  A  bulb  containing  a 
liquid  with  a  high  coefficient  of  expansion  is  situated  in  a  metal 
jacket  (B)  through  which  the  final  mixture  of  warm  and  cold 
water  must  pass.  This  metal  jacket  is  connected  by  pressure 
tubing  (C)  with  a  needle  valve  (D)  in  the  ice-cooled  line.  The 
expansion  or  contraction  of  the  liquid  in  the  bulb  controls  the 
amount  of  cold  water  which  is  admitted  by  opening  or  closing 
the  valve.     A  spring  (Hj  connected  with  the  needle  valve  can  be 
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li<(htene(l  or  loosened  so  tliat  any  desired  temperature  will  be 
necessary  to  open  or  close  the  needle  valve. 

In  summer  the  hot  water  is  not  used  at  all,  hul  enough  ice- 
cooled  water  is  let  in  hy  the  needle  valve  to  cool  a  small  stream 
of  tap-water  to  the  desired  temperature.  In  Axinter  the  tem- 
perature of  the  tap-water  is  raised  to  a  point  a  little  above  that 
required,  b}-  ()penin<(  the  hot  water  valve  slightly;  then  the  needle 
valve  lets  in  enough  water  from  the  cold  water  line  ( which  in  the 
winter  is  equivalent  to  a  tap-water  line  since  no  ice  is  placed  in 
the  refrigerator)  to  cool  the  stream  to  the  desired  temperature. 

To  complv  with  specifications  in  the  U.  S.  P.,  frogs  must  be 
kept  at  15     C.  until  wanted  for  immediate  use. 

It  has  been  found  in  this  laboratory  that  this  temperature 
(  I")  C. )  is  well  suited  to  the  proper  storage  of  normal  frogs,  and 
with  the  apparatus  described  above  and  the  arrangement  of  it  in 
the  sealed  chamber  we  are  able  to  maintain  this  temperature  to 
within  about  1  C.  throughout  the  entire  year,  if  necessary.  While 
very  sensitive  to  improper  handling  it  is  equally  susceptible  to 
proper  adjustment,  and  has  been  found  satisfactory  for  maintain- 
ing an  even  temperature  at  all  seasons. 


Studies  from  the  Medical  Research  Laboratories, 

Parke,    Davis   &   Co. 
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EPIDEMIC  CEREBROSPINAL  MENINGITIS  AT  CAMP 
JACKSON,  S.  C. 

Fred  W.  Baeslack,  ]\I.  D..  Detroit,  ]\Iicii. 

The  first  case  of  cerebrospinal  meningitis  at  Camp  Jackson, 
S.  C,  was  diagnosed  Nov.  15,  191T.  The  disease  assumed  the 
character  of  an  epidemic  during  December,  anrl  Jannary  and 
February  of  the  year  following. 

predisposing  factors. 
The  rapid  spread  of  this  disease  through  the  camp  was  due 
to  the  following  predisposing  circumstances : 

1.  The  unusual  cold  weather  with  sudden,  marked  tempera- 
ture changes  during  the  later  fall  and  winter  of  1917-18,  to 
which  the  majority  of  men  were  not  accustomed,  and  which  caused 
a  widespread  nasopharyngeal  catarrh,  bronchitis,  mumps,  and 
measles. 

Tables  1,  2,  3,  and  -t  give  the  weather  conditions  during  the 
months  of  November,  December,  1917,  and  January  and  February 
of  the  year  following. 

2.  The  general  condition  of  the  camp,  which  was  not  com- 
pleted until  the  end  of  the  winter.  The  facilities  for  heating  the 
buildings  were  especially  retarded.  To  keep  warm,  the  men  would 
stay  indoors,  crowding  the  barracks,  thus  coming  in  closer  con- 
tact with  those   suffering   from  nasopharyngeal  inflammations. 

The  majority  of  the  barracks  rooms  were  heated  by  one  large 
furnace,  the  size  of  a  hot-air  furnace  used  for  heating  houses. 
Usually  two  such  furnaces  were  installed  in  the  center  of  the 
two  rooms  on  the  ground  floor.  As  there  were  no  pipes  for  the 
distribution  of  the  heat  throughout  the  building,  during  spells  of 
cold  weather  the  men  would  congregate  around  these  furnaces, 
thus  ofifering  every  advantage  for  the  spread  of  respiratory  infec- 
tions. 

3.  The  base  hospital  was  not  completed,  and  while  every  at- 
tempt was  made  to  accommodate  all,  the  problem  became  more 
involved,  because  white  and  negro  patients  had  to  be  kept  separate. 
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i.  The  lal)(irator\  facilities  were  nieaii;er.  The  function  of 
the  liase  hos]iital  laboratory  as  a  ]nihlic  heahh  laboratory  for  the 
entire  camj)  had  not  been  taken  into  consideration  in  the  plans 
of  the  hospital.  Jdiis  \yas  c(trrected  during  the  later  part  of 
January  both  as  regards  space  and  e(|ui])inent. 

.").  The  transfer  of  troops  from  one  cantonment  to  another. 
Ry  this  means  new  foci  of  infection  were  introduced,  and  the 
problem  of  co])ing  with  the  conditi(»n  jiresent  conii)licated.  The 
following  cases  are  illustratiye  of  this: 

(a).  Xov.  IS.  1917.  D.  S..  Pvt..  Co.  21.  l.")()  D.  B.  from  Camp  Pike. 
Little  Rock,  Ark.,  taken  from  train  directly  to  hospital,  diag.  C.  S.  M. 

(b).  F.  M.,  Pyt.,  Co.  23,  156  D.  B.  from  Camp  Pike.  Little  Rock,  Ark., 
arriyed  at  Camp  Jackson  Noy.  IT,  1917;  admitted  to  Base  Hosp..  C.  S.  M. 
No.  21,  1917. 

(c).  P.  B..  Pvt.,  Co.  15,  156  D.  B.  from  Camp  Gordon,  Atlanta,  arrived 
at  Camp  Jackson,  S.  C.  Nov.  5,  1917.  Admitted  to  Base  Hosp.  as  C.  S.  M. 
Suspect.  Nov.  8,  1917;  diagnosis  pos.  C.  S.  M.,  Xov.  10,  1917. 

(d).  W.  F.  F.,  Pvt..  Co.  21.  156  D.  B.  from  Camp  Pike.  Little  Rock, 
.■\rk.  arrived  at  Camp  Jackson,  S.  C,  Dec.  1,  1917;  diagnosis  C.  S.  M. 

B.\CTERIOLOGV. 

While  it  i>  highly  probable  that  local  intiammation  of  the 
nasopharynx  may  be  caused  by  the  meningococcus  before  its  in- 
vasion becomes  general,  its  exact  etiologic  significance  in  relation 
to  the  inflammation  of  the  re.spiratory  passages  is  still  doubtful, 
for  its  presence  on  the  inflamed  nasopharyngeal  membrane  may 
be  accidental.  The  absence  of  marked  inflammation  of  the  naso- 
pharyngeal membranes  in  some  cases  of  meningitis  throughout 
the  entire  course  of  the  disease  further  supports  this  view.  The 
assumption  that  the  meningococcus  reaches  the  meninges  from  the 
nasopharynx  by  way  of  the  cribriform  plate  of  the  ethmoid  is  also 
questionable  in  view  of  the  findings  of  W'estenhotfer.  Von  Lingel- 
sheim  and  Meyer,  which  indicate  that  if  direct  extension  does 
occur,  its  course  is  through  the  s])hen(jid  bones,  the  sinuses  of 
which  were  found  inflamed  in  ."U  per  cent  of  cases  examined. 

That  the  meningococcus  produces  a  local  inflammation  before 
invading  the  general  system  may  be  assumed  until  further  data  are 
available.  From  the  nasopharynx  the  organism  invades  the  blood 
current,  either  directly,  causing  a  meningococcus  bacteremia  with 
secondary  localization  in  the  meninges,  or  by  a  direct  infection 
through  the  lymphatics,  as  pointed  out  by  Westenhoffer.  who 
observed  the  constant  enlargement  of  the  cervical  lymph  glands. 
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Tabi.k  I. 

Weather  conditions  during  the  montli  of   November, 
L'.  S.  Department  of  Agriculture 
Weather  Bureau. 


Ul  7,  as  Ki\<-''i  hy  : 
C.  F.  Marvin,  Chief. 


Precipitation 

Temperature 

in  inches  and 

Character 

Date 

Highest 

Lowest 

Mean 

hundredths 

of  day 

1 

58 

38 

48 

.00 

Clear 

2 

55 

38 

46 

.00 

Clear 

■A 

57 

32 

44 

.00 

Clear 

4 

60 

39 

50 

.00 

Clear 

.) 

60 

36 

48 

.00 

Clear 

6 

67 

34 

50 

.00 

Clear 

7 

75 

43 

59 

.00 

Clear 

8 

67 

44 

56 

.00 

Clear 

<) 

71 

40 

56 

.00 

Clear 

10 

71 

42 

56 

.00 

Clear 

11 

7:5 

43 

58 

.00 

Clear 

12 

71 

46 

58 

T. 

Pt.  Cloudy 

13 

63 

51 

57 

.52 

Cloudy 

14 

55 

49 

52 

.02 

Cloudy 

IT) 

64 

45 

54 

.00 

Clear 

Hi 

62 

44 

53 

.00 

Pt.  Cloudy 

17 

66 

36 

51 

.00 

Clear 

18 

71 

45 

58 

.00 

Clear 

lit 

73 

47 

60 

.00 

Clear 

20 

54 

46 

50 

.08 

Cloudy 

21 

68 

49 

58 

.00 

Clear 

22 

67 

49 

58 

.00 

Clear 

23 

54 

38 

46 

.00 

Pt.  Cloudy 

24 

45 

32 

38 

.00 

Pt.  Cloudy 

25 

46 

26 

36 

.00 

Clear 

26 

50 

26 

38 

.00 

Clear 

27 

55 

34 

44 

.00 

Clear 

28 

62 

39 

50 

.00 

Cloudy 

29 

65 

52 

58 

.21 

Cloudy 

30 

55 

48 

52 

.09 

•Cloudy 

WEATHER. 

Number  of  clear  days,  20;  partly  cloudy,  4;  cloudy,  (> ;   on   which  0.01 
inch,  or  more,  of  precipitation  occurred,  5. 

Mean  relative  humidity:  S  a.  m.,  81.7  per  cent.;  8  p.  m.,  36.6  per  cent.; 
monthly,  59.2  per  cent. 

Hail    13 

Sleet    0 

Fog,  slight    15,  30 

Fog,  dense   29,  30 

Thunderstorms     13 

Frost,  light   2 

Frost,  heavy   1 

Frost,  killing 3 
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Table  II. 

Weather  conditions  duiinj^  tlie  month  of  December,  1917,  as  j^iven  by  : 
U.  S.  Department  of  Agriculture 
Weather  Bureau.  C.  F.  Marvin,  Chief. 


Precipitation 

Temperature 

in  inches  and 

Character 

Date 

Highest 

Lowest 

Mean 

hundredths 

of  day 

1 

65 

45 

55 

.00 

Clear 

2 

70 

43 

56 

.00 

Clear 

3 

72 

51 

62 

.00 

Pt.  Cloudy 

4- 

71 

56 

64 

.17 

Pt.  Cloudy 

5 

59 

44 

52 

.01 

Cloudy 

6 

45 

38 

42 

T. 

Cloudy 

7 

52 

31 

42 

.00 

Clear 

8 

61 

30 

46 

.27 

Pt.  Qoudy 

9 

31 

20 

26 

.00 

Clear 

10 

32 

22 

27 

.00 

Clear 

11 

35 

19 

27 

.03 

Pt.  Cloudy 

12 

31 

25 

28 

.01 

Cloudy 

13 

28 

24 

26 

.02 

Cloudy 

14 

38 

20 

29 

.00 

Pt.  Cloudy 

15 

34 

22 

28 

.00 

Clear 

16 

30 

25 

28 

.02 

Cloudy 

17 

38 

26 

32 

.00 

Clear 

18 

34 

31 

32? 

.00 

Cloudy 

19 

44 

33 

38 

.00 

Cloudy 

20 

49 

35 

42 

.00 

Pt.  Cloudy 

21 

61 

30 

46 

.00 

Clear 

22 

52 

34 

43 

.00 

Pt.  Cloudy 

23 

48 

30 

39 

.00 

Clear 

24 

61 

29 

45 

.00 

Clear 

25 

64 

40 

52 

.23 

Cloudy 

26 

53 

31 

42 

.36 

Cloudy 

27 

34 

25 

30 

.00 

Cloudy 

28 

50 

30 

40 

.00 

Clear 

2-9 

39 

18 

28 

.04 

Cloudy 

30 

22 

8 

15 

.00 

Clear 

31 

21 

12 

16 

.08 

Cloudy 

WEATHER. 

Number  of  clear  days,  12;  partly  cloudy,  7;  cloudy,  12;  on  which  0.01 
inch,  or  more,  of  precipitation  occurred,  11. 

Mean  relative  humiditj- :  8  a.  m.,  80.7  per  cent. ;  8  p.  m.,  64.5  per  cent. ; 
monthly,  72.6  per  cent. 

Sleet   11,   12,  13 

Fog,   slight    14 

Fog,  dense  1 

Thunderstorms    0 

Frost,  light  — 

Frost,    heavy    — • 

Frost,    killing    — 
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Table  III. 

Weather  conditions  during  the  month  of  January,  1918,  as  given  by: 
y.  S.  Department  of  Agriculture 
Weather  Bureau.  C.  F.  Marvin,  Chief. 


Precipitation 

Temperature 

in  inches  and 

Character 

Date 

Highest 

Lowest 

Mean 

hundredths 

of  day 

1 

29 

6 

18 

.00 

Clear 

2 

34 

26 

30 

.07 

Cloudy 

3 

30 

15 

22 

.00 

Clear 

4 

38 

13 

26 

.00 

Pt.  Cloudy 

5 

52 

31 

42 

.00 

Cloudy 

6 

54 

42 

48 

.19 

Cloudy 

7 

53 

31 

42 

.00 

Clear 

8 

42 

26 

34 

.00 

Clear 

9 

44 

30 

37 

T. 

Cloudy 

10 

50 

25 

38 

.00 

Clear 

11 

64 

30 

47 

.41 

Cloudy 

12 

51 

15 

33 

.00 

Clear 

13 

31 

10 

20 

.00 

Clear 

14 

52 

22 

37 

.25 

Pt.  Cloudy 

15 

57 

34 

46 

.23 

Clear 

16 

51 

30 

40 

.00 

Cloudy 

17 

51 

31 

41 

.00 

Qear 

18 

43 

28 

36 

.00 

Clear 

19 

41 

24 

32 

.00 

Clear 

20 

40 

31 

36 

.08 

Cloudy 

21 

35 

26 

30 

.37 

Cloudy 

22 

39 

27 

33 

T. 

Cloudy 

23 

44 

25 

34 

.00 

Clear 

24 

49 

27 

38 

.00 

Clear 

25 

63 

39 

51 

.00 

Clear 

26 

65 

41 

53 

.00 

Pt.  Cloudy 

27 

71 

57 

64 

.00 

Cloudy 

28 

63 

39 

51 

.34 

Cloudy 

29 

54 

39 

46 

.03 

Cloudy 

30 

47 

35 

41 

.17 

Cloudy 

31 

42 

33 

38 

.02 

Cloudy 

WEATHER. 

Number  of  clear  days,  14 ;  partly  cloudy,  3  ;  cloudy,  14 ;  on  which  0.01 
inch,  or  more,  of  precipitation  occurred,   11. 

Mean  relative  humidity :  8  a.  m.,  78.2  per  cent. ;  8  p.  m.,  66.2  per  cent. ; 
monthly  72.2  per  cent. 

Hail    0 

Sleet    20 

Fog,  slight    28,  29 

Fog,   dense    0 

Thunderstorms     11 

Frost,    light    — 

Frost,    heavy    — 

Frost,  killing    — 
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Tahi.k  I  v. 

\\\'atlicr  ctniditions  during-  tlic  nunith  of  February,  1918,  as  given  by: 
L'.  S.  Department  of  Agriculture 
Weather  Bureau.  C.  F.  Marvin,  Chief. 


Precipitation 

Temperature 

in  inches  and 

Character 

Date 

Highest 

Lowest 

Mean 

hundredths 

of  day 

1 

40 

35 

38 

T. 

Cloudy 

2 

39 

36 

38 

.56 

Cloudy 

3 

57 

39 

48 

.26 

Cloudy 

4 

45 

31 

38 

.00 

Clear 

3 

41 

25 

33 

.00 

Pt.  Cloudy 

6 

58 

25 

42 

.00 

Clear 

7 

67 

48 

58 

.00 

Pt.  Cloudy 

8 

74 

45 

60 

.00 

Clear 

<t 

73 

52 

62 

.03 

Pt.  Cloudy 

10 

69 

55 

62 

.00 

Clear 

11 

74 

43 

58 

.00 

Clear 

12 

73 

50 

62 

.22 

Cloudy 

i:^ 

74 

60 

67 

.00 

Pt.  Cloudy 

14 

76 

53 

64 

T. 

Pt.  Cloudy 

15 

77 

62 

70 

.00 

Pt.  Cloudy 

16 

63 

43 

53 

.21 

Cloudy 

17 

59 

47 

53 

.02 

Cloudy 

18 

49 

38 

44 

.06 

Cloudy 

19 

72 

44 

58 

.01 

Cloudy 

20 

67 

52 

60 

.05 

Cloudy 

21 

52 

38 

45 

.00 

Pt.  Cloudy 

22 

55 

36 

46 

T. 

Cloudy 

23 

58 

36 

47 

.00 

Clear 

24 

70 

43 

5(i 

.00 

Pt.  Cloudy 

25 

74 

58 

6(i 

.00 

Pt.  Cloudy 

2« 

70 

51 

60 

.00 

Clear 

27 

72 

39 

56 

.00 

Clear 

28 

81 

51 

66 

.00 

Clear 

WEATHFR. 

Number  of  clear  days,  9;  partly  cloudy,  9;   cloudy,  10;   on  which  0.01 
inch,  or  more,   of  precipitation   occurred,   9. 

Mean  relative  humidity  :  H  a.  m.,  79.4  per  cent. ;  8  p.  m.,  57.6  per  cent. ; 
monthly,  68.5  per  cent. 

Sleet    0 

Fog.   light    I.  H,    12,  27,  28 

Fog,   dense    ' 0 

Thunderstorms    16 

Frost,    light    — 

Frost,    heavy    — 

Frost,  killing    — 
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That  this  disease  may  at  times  he  a  generaHzed  infection  has 
been  shown  by  Solomon.  Moller.  Bettencourt,  Franc,  and  Eisner, 
who  have  in  isolated  instances  succeeded  in  culturin<^  the  menin- 
gococcus from  the  blood.  Eisner  succeeded  in  isolating  the  organ- 
ism in  2")  per  cent  of  cases.  Routine  blood  cultures  on  twenty- 
three  patients,  meningitis  suspects,  taken  on  admission  to  the  base 
hospital.  Camp  Jackson,  S.  C,  gave  positive  cultures  in  3().()  per 
cent.*  As  pointed  out  these  cultures  were  ol)tained  in  many  in- 
stances before  the  diagnosis  of  cerebrospinal  meningitis  was  es- 
tablished and  before  meningeal  symptoms  were  noticeable. 

All  the  strains  of  meningococci  isolated  either  from  the  naso- 
jjharynx,  spinal  fluid,  blocxl  and  secondary  foci  were  typed.  In 
all  instances  we  were  dealing  with  a  meningococcus  of  the  regular 
type. 

While  generally  cerebrospinal  meningitis  is  diagnosed  from  the 
svmptoms  resulting  from  meningeal  irritation,  there  is  ol)servable 
in  manv  cases  a  premeningeal  stage  of  the  disease  which  varies 
in  time  from  several  days  to  a  few  hours,  and  is  characterized  by 
general  septic  svmptoms.  as  chills,  fever,  malaise,  lack  of  ap])etite. 
indefinite  ]:)ains  in  the  joints  and  muscles.  The  headache  observed 
in  this  stage  is  probably  due  to  increased  amounts  of  cerebrospinal 
fluid,  which  on  lumbar  puncture  is  found  clear,  containing  no 
organisms  or  only  a  few  free  meningococci  which  may  be  ex- 
plained by  the  general  sepsis.  The  cytology  of  the  fluid  may  be 
negative  or  may  show  a  slight  increase  in  lymphocytes.  The 
globulin  test  may  be  negative  or  faintly  positive.  Fehling's  solu- 
tion is  reduced.  The  essential  impression  gained  from  the  exam- 
ination of  the  fluifl  during  this  stage  of  the  disease  is  not  that  of 
meningitis,  l)ut  rather  that  due  to  a  general  toxemia. 

STAGES   OF    IXVOI-VK.MHXT. 

The  stage  of  meningeal  involvement  has  been  \ariously  sub- 
divided according  to  severity  of  the  disease,  its  symptom-com])lex 
and  probable  prognosis. 

This  general  bacteremia  leads  to  widely  scattered  foci  of  in- 
fection in  the  body,  of   which  that  ()f   the  meninges  is  the  most 


1.  Cultivation  of  the  meningococcus  intracellularis  (Weichsclbaum)  from  the 
blood.  Baeslack,  F.  W.;  Buncc,  A.  H.;  Brunelle,  G.  C;  Fleming,  J.  S.;  Klugh,  G.  F. ; 
McLean,   E.  H.;   Solomon.  A.   V.     jour.   Am.   Med.  Asso..   lOls.   To.   6«4. 
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commonly  observed.  The  following  cases  arc  illustrative  of  the 
metastatic  involvement  of  other  regions  of  the  body  than  the 
meninges : 

1.  Pvt.  J.  ]\I.  F.,  aged  25,  admitted  Jan.  5,  1918,  was  in  poor 
condition ;  there  were  marked  tremor,  and  cyanosis  of  the  lips  and 
finger-tips.  The  provisional  diagnosis  was  bronchitis  following 
measles,  Jan.  11 ;  broncho-pneumonia  developed.  The  patient  died 
Jan.  15.  Cultures  of  pus  found  at  necropsy,  in  the  sphenoid  sinus, 
gave  a  gram-negative  diplococcus,  which  was  identified  as  a  men- 
ingococcus of  the  regular  type. 

2.  S.  R.,  Pvt.,  aged  23,  admitted  Nov.  15,  1918,  complained  of 
cold  and  pain  in  chest,  and  pain  in  the  eyes  and  back.  The  pro- 
visional diagnosis  was  measles.  Nov.  24,  bronchitis  developed  in 
the  left  side.  Nov.  28,  there  was  pleurisy  on  the  left  side.  Next 
day  the  diagnosis  of  broncho-pneumonia  was  made.  Jan.  15,  1918, 
an  intercostal  incision  for  left  emphysema  was  made  and  a  large 
amount  of  slightly  cloudy  serous  fluid  removed.  A  meningococcus 
of  the  regular  type  was  isolated  from  it. 

3.  Chas.,  Pvt.,  15G  D.  B.,  Co.  19,  was  admitted  as  meningitis 
suspect.  One  lumbar  puncture  made,  examination  of  spinal  fluid 
negative.  Patient  developed  mumps,  and  was  transferred  from 
wards  for  meningitis  cases  to  that  for  mumps.  To  determine 
whether  ])atient  had  had  meningococcic  infection,  sample  of  blood 
was  obtained.  The  serum  from  this  blood  agglutinated  a  strain  of 
meningococcus  of  the  regular  type  up  to  1 :320  dilution. 

4.  Miss  M.,  nurse,  reported  on  sick  list,  diagnosis  articular 
rheumatism,  which  did  not  yield  to  usual  treatment.  On  sug- 
gestion of  the  Chief  of  the  Laboratory,  a  blood  culture  was  taken, 
disclosing  a  gram-negative  diplococcus,  which  was  identified  as 
a  meningococcus  of  the  regular  type.  Patient  was  ])ut  on  anti- 
meningococcic serum  treatment,  receiving  it  intravenously,  and 
recovered  promptly. 

These  instances  clearly  show  that  the  meningococcus  is  dis- 
tributed by  the  blood  stream,  giving  rise  to  lesions  wherever  condi- 
tions are  favorable,  without  necessarily  involving  the  meninges. 
To  the  same  mechanism  of  distribution  may  be  credited  the  com- 
plications and  sequelae  incident  to  this  disease,  as  involvement  of 
the  joints,  jjleurisy,  pericarditis,  ojihthalniitis,  etc. 
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COMPLICATIONS. 

The  thirty-one  autopsies  performed  during  the  heiglit  of  the 
epidemic  gave  further  evidence  of  the  generahzed  nature  of  the 
meningococcus  infection.  The  following  gross  lesions  were  re- 
corded in  the  ninnher  of  cases  indicated  : 

IVtcclii;e    11 

Purpura    10 

Pleurisy    8 

Pneumonia.    Lobar    2 

Pneumonia,   Broncho    8 

Congestion  of  the  lung 7 

Hypertrophy  of  heart 1 

Dilatation  of  heart 1 

Endocarditis,  vegetative 1 

Pericarditis,    fibropurulent    4 

Pericarditis,   seropurulent    4 

Spleen,  enlarged    22 

Kidneys,   cloud\-  swelling 10 

Kidneys,    congestion    10 

I'urulent    exudate    in    vertex 7 

Purulent  exudate  in  base .3 

Purulent  exudate  in  vertex  and  base 1(5 

Purulent  exudate  in  parietal  region ."> 

W  hile  diffuse  purpuric  spots  are  ahsent  on  the  serous  surfaces, 
petechi<e  were  frequentU-  ohserved  on  these  memhranes  of  the 
pericardium  and  peritoneum.  It  may  be  assumed  that  cere- 
l)rospinal  meningitis  is  in  more  instances  than  has  l)een  supposed 
a  bacteremia  coexistent  with  or  followed  by  the  formation  of 
metastatic  foci  due  to  the  distribution  of  the  meningococcus  by 
the  blood  stream. 

This  assumption  is  based  on  the  following  considerations: 

1.  The  demonstration  of  the  meningococcus  in  blood  cultures  in  a 
larger  percentage  of   cases   than   heretofore. 

2.  The  presence  of  a  distinct  prcmeningeal  stage  of  the  disease. 

.3.  The  occurrence  of  lesions  due  to  the  meningococcus  in  parts  other 
than  the  meninges. 

4.  The  autopsy  findings,  with  special  reference  to  the  occurrence  of 
petechia  and  purpuric  spots. 

Based  on  these  observations  the  intravenous  serum  therapy 
in  large  doses  was  recommended  by  us  to  ^klajor  W.  W.  llerrick, 
the  Chief  of  the  Medical  Service."  The  agglutinating  titer  of  most 
antimeningococcic  sera  lies  between  1  :8()0  to   1  :10<)0.      It  will  be 


2.  For  a  discussion  of  ttie  intravenous  serum  treatment  of  cerebrospinal  menin- 
gitis and  the  results  obtained,  the  reader  is  referred  to  the  article  by  W.  W.  Herrick, 
Major,  M.  R.  C.  The  intravenous  serum  treatment  of  Epidemic  Cerebrospinal  Menin- 
gitis.     Arch.    Int.   Med.,   Vol.    XXI,   lltlS,   p.    o41. 
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seen  tliat  fairly  larj^c  quantities  of  serum  must  be  administered 
intravemnisly  to  have  the  therapeutic  asi;ent  in  sufficient  concentra- 
tion to  act  upon  the  meningococci  present  in  tlie  blood  stream. 

STATISTICS. 

Two  hundred  and  fourteen  menin^ntis  patients  from  97  organ- 
izations were  admitted  to  the  base  hospital.  Out  of  this  number 
65  died,  88  were  returned  to  duty  shortly  after  dismissal  from  the 
hospital,  57  requiring  additional  time  for  complete  recuperation;  4 
were  discharged  ;  2  cases  recurred. 

Twenty-eight  of  the  patients  were  city  residents  before  entry 
into  the  National  Army,  159  were  nu'al.  the  residence  of  27  could 
not  be  determined. 

PROPHYLAXIS. 

The  prophylactic  measures  instituted  consisted  of : 

(a)  The  isolation  of  those  complaining  of  symptoms  ob- 
served in  the  premeningeal  stage  of  the  disease. 

(b)  The  placing  of  the  organization  in  quarantine. 

(c)  Preventing  the  men  from  congregating  in  the  barracks. 

(d)  Alternating  the  position  of  the  cots. 

(e)  Culturing  the  quarantined  personnel  3  or  more  times  at 
5  day  intervals,  or  until  no  more  carriers  could  be  found. 

(f)  Culturing  all  patients  on  admission  to  the  hospital  and 
segregating  those  found  to  be  carriers  in  the  hospital. 

(g)  The  culturing  of  all  applying  for  leave  of  absence  from 
the  camp. 

(  h )  The  isolation  and  treatment  of  the  carriers  in  the  carrier 
camp. 

The  vigilance  exercised  by  the  regimental  surgeons  in  isolating 
those  comj)laining  of  headache,  malaise,  chill,  indefinite  pains  in 
muscles  and  joints  combined  with  inflammation  of  the  respiratory 
tract,  made  possible  the  prompt  treatment  of  meningitis  patients, 
while  still  in  the  early  stages  of  the  disease. 

The  extent  of  the  quarantine  was  determined  by  the  number 
of  men  the  suspected  case  had  come  into  contact  with,  just  pre- 
vious to  his  illness.  Depending  on  this  a  single  squad  room,  or 
barrack  or  the  entire  organization,  would  be  placed  under  the 
quarantine. 

The  infecting  organism  of  cerebrosi)inal  meningitis  gains  access 
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to  the  respiratory  passages  by  the  inhalation  of  the  fine  spray 
droplets  produced  in  the  act  of  sneezing  and  coughing.  The 
large  number  of  men  suffering  from  coryza.  pharyngitis  and  bron- 
chitis would  aid  materially  in  spreading  the  meningococcus  in- 
fection in  crowded  rooms,  provided  contacts  and  carriers  were 
among  them.  Hence  the  men  were  kept  out  of  doors  as  much 
as  possible,  and  the  seating  in  the  mess  rooms  was  so  arranged 
that  the  men  occupied  alternate  seats.  Crowding  the  barracks 
wherever  it  occurred  was  relieved,  and  the  cots  so  arranged  that 
no  two  men  slept  side  by  side  with  the  heads  in  the  same  direction, 
but  alternating. 

BACTEKI.\L   DIAGNOSIS. 

As  soon  as  diagnosis  was  established  1)\-  the  laboratory,  name, 
rank  and  organization  were  reported  to  the  office  of  the  Division 
Surgeon.  All  contacts  were  quarantined  and  arrangements  made 
for  the  taking  of  cultures.  A  list  of  those  quarantined,  made  in 
triplicate,  was  furnished  the  culturing  team,  consisting  of  three 
physicians  detailed  to  this  duty  by  the  Division  Surgeon. 

This  team  would  obtain  the  necessary  number  of  blood-agar 
plates,  pack  them  into  a  fireless  cooker  and  visit  the  organization 
for  culturing.  The  plates  were  numbered  and  the  corresponding 
number  entered  next  to  the  name  on  the  rosters  prepared.  The 
cultures  and  rosters  were  delivered  at  the  laboratory,  and  on  con- 
clusion of  the  examination  those  found  to  be  carriers  were  en- 
tered as  positive  on  the  lists,  one  of  which  was  forwarded  to 
the  office  of  the  Division  Surgeon,  one  to  the  organization,  the 
third  being  retained  at  the  office  of  the  laboratory  for  record. 

The  cultures  were  incubated  for  18-24  hours,  examined,  and 
transplants  of  suspicious  colonies  made  by  three  members  of  the 
laboratory  staff.  Agglutination  tests  were  made  on  all  suspicious 
cultures.  The  media  used  consisted  of  laked  blood,  1  per  cent  glu- 
cose-agar. 

At  first  the  West  tube  was  used  for  taking  cultures ;  this,  how- 
ever, was  found  impracticable  owing  to  the  large  number  of 
cultures  which  had  to  be  taken  daily  and  to  the  time  required  for 
cleaning,  refitting,  and  sterilizing  these  tubes.  Our  next  method 
of  taking  cultures  was  by  means  of  sterilized  wooden  applicators. 
A  small  pledget  of  cotton  wound  on  the  end  of  these  applicators 
permitted    the    culturing    through    the    nose,    thus    reaching    the 
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posterior  nasopharyngeal  w;ill.  The  last  method  employed  l)y 
us  consisted  of  applicators  made  from  No.  18  stove  wire.  The 
wire  is  cut  up  into  S-IO  inch  lengths,  a  loop  is  hent  on  one  end,  and 
the  other  end  hammered  flat  so  that  cotton  wound  around  this 
end  will  hold.  Five  of  the  applicators  are  placed  into  a  heavy 
walled  test  tube,  j^lugged  and  sterilized.  When  ready  for  cultur- 
ing.  the  wire  is  bent  on  the  edge  of  the  test  tube  to  an  angle  of 
approximately  60  degrees,  one  and  one-half  inches  from  the 
end  holding  the  cotton.  By  Ijurning  off  the  cotton  and  straighten- 
ing out  the  wire  it  may  again  be  prepared  for  use.  The  reduced 
expense  and  saving  of  time,  as  well  as  the  ease  with  which  cultures 
can  be  taken,  recommend  its  use. 

The  culturing  was  done  in  a  convenient  room  which  had  been 
washed  and  cleaned  previously.  A  table  and  chair  for  the  clerk, 
a  pail  and  a  chair  so  placed  that  the  person  to  be  cultured  faces  the 
light,  are  all  the  furniture  necessary.  One  man  at  a  time  is 
allowed  to  come  into  the  room  to  prevent  crowding.  The  tongue  is 
depressed  with  a  wooden  tongue  depressor  and  the  culture  taken 
by  introducing  the  wire  applicator  well  up  the  posterior  portion  of 
the  nasopharvnx,  first  on  one  side  of  the  uvula  and  then  on  the 
other. 

'Jhe  applicator  is  withdrawn  without  touching  the  oral  cavity 
and  the  culture  plate  inoculated,  -dwl  the  inoculated  material  evenly 
spread  with  a  ])latinum  wire. 

The  lireless  cooker  keeps  the  plates  and  cultures  at  constant 
temperature  until  placed  in  the  incubator. 

Owing  to  shortage  in  glassware  we  were  com])elle<l  at  tirst  to 
put  three  cultures  on  each  plate.  This  numljer  was  later  reduced 
to  two,  as  more  j)etri  dishes  were  available. 

The  agglutinations  were  carried  out  wnth  one  or  two  ])olyvalent 
sera,  diluted  1  :■<?<•()  and  normal  horse  serum  diluted  1  :")().  All 
strains  of  meningococci  isolated  either  from  the  spinal  fluid,  blood, 
or  nasopharynx  as  well  as  those  obtained  from  exudates  of  patients 
were  typed.  All  stains  thus  examined  were  of  the  "regular"  tyi)e. 
The  type  sera  used  were  furnished  by  the  Army  medical  school. 

ISOL.XTIOX. 

Upon  notification  from  the  laboratory,  the  men  found  to  be 
carriers  were  isolated  in  the  carrier  camp,  established  by  orders 
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(if  the  Division  Surgeon.  Mere  a  card  index  was  kei)t  of  ihe  date 
of  entry,  number  of  cultures  taken  and  the  results  of  the  culture. 
Three  negative  cultures  obtained  in  succession,  at  from  ;}  to  •") 
day  intervals,  were  re([uired  before  discharge  from  the  carrier 
camp. 

TKKATMENT. 

The  treatment  of  the  carriers  consisted  in  periodical  sj)raying 
of  the  upper  air  passages  with  dich]oramine-'J\  'I'reatment  was 
discontinued  at  least  IS  hours  before  culturing. 

During  the  ])eriod  fr(jm  December  18.  lilH,  until  March  7. 
linS.  520  carriers  were  isolated  and  treated  in  the  carrier  camp. 
Of  this  number  six  developed  cerebrospinal  nieningitis. 

The  number  of  cultures  taken  from  organizations  during  the 
months  indicated  are  as  follows: 

Dec,  1917 4873         Carriers  isolated  17(5—3.6  % 

Jan.,    1918 1182o         Carriers  isolated  293—2.47% 

Feb.,   1918 2480         Carriers  isolated     51—2.06% 

In  all  97  organizations  were  involved  in  this  epidemic.  Of 
this  number  5!)  were  cultured,  38  were  not  cultured,  since  in  the 
latter  one  case  only  of  cerebrospinal  meningitis  appeared.  In 
addition  22  organizations  were  cultured  for  the  purpose  of  re- 
moving the  carriers  before  cases  could  develop. 

Aside  from  the  cultures  taken  in  organizations  and  the  carrier 
camp,  it  was  thought  advisable  to  culture  all  patients  at  the  time 
of  admission  to  the  hospital.  This  measure  was  instituted  to  pre- 
vent the  spread  of  meningitis  to  other  than  meningitis  wards  of 
the  hospital  by  isolating  patients  who  were  carriers  of  the  men- 
ingococcus. As  soon  as  the  patient  was  admitted  through  the  re- 
ceiving ward,  he  was.  if  able  to  walk,  brought  to  the  laboratory 
where  the  culture  was  taken;  if  unable  to  walk,  the  culture  was 
taken  at  the  receiving  ward.  From  To  to  125  cultures  were  thus 
taken  daily  at  the  laboratory.  This  number  includes  also  those 
who  desired  leave  of  absence.  A  statement  that  bearer  harl  l)een 
cultured  and  found  negative  was  required  before  permission  to 
leave  the  camp  was  granted. 

The  spread  of  cerebrospinal  meningitis  is  mainly  due  to  the 
carriers,  who,  under  certain  conditions,  such  as  inflammation  of  the 
upper  respiratory  tract,  harbor  the  meningoccus  in  a  more  or  less 
virulent  form.     The  coexistence  of  measles,  corvza  and  l)ronchitis 
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with  cerol)r(is]iip,;il  meningitis  is  nioix'  than  accidental,  playing  an 
important  role  in  the  intectivity  of  the  meningococcus,  and  the  es- 
tablishing of  new  foci  of  the  disease.  'Jlie  removal  of  the  car- 
riers is  usually  followed  by  a  decrease  in  the  incidence  of  the 
disease. 

Of  the  organizations  affected  through  cerebrospinal  meningitis 
29  were  also  affected  with  measles.  10  with  mumps,  7  with  pneu- 
monia, 2  with  influenza,  while  bronchitis  was  fairly  prevalent 
throughout  the  camji. 

While  the  removal  of  the  healthy  carrier  is  of  great  importance 
in  controlling  the  spread  of  the  disease,  little  definite  knowledge 
has  been  gained  as  to  the  best  methods  for  freeing  the  carrier  of 
the  meningococcus.  The  use  of  the  dichloramine-T  spray  as  well 
as  other  antiseptic  solutions  no  doubt  eliminates  the  organism  for  a 
time,  so  that  it  is  impossible  to  detect  them  by  culture.  Sooner 
or  later,  however,  when  the  preventive  spraying  is  discontinued, 
the  meningococcus  may  again  be  recovered  from  the  nasopharynx 
by  culture.     The  following  culture  record  illustrates  this: 

F.  L.  K.,  Pvt.,  Hdq.  Co.,  318  F.  A.,  Dec.  24,  1917,  pos.  Dec. 
31.  neg.  Jan.  7,  neg.  released  from  carrier  camp,  found  again  pos. 
Feb.  13,  1918,  and  readmitted  to  carrier  camp. 

The  duration  of  the  period  of  incubation  has  been  variously 
placed  by  the  different  observers.  Wright  placed  this  period 
from  one  to  ten  days,  Sophian  from  one  to  five.  Our  obser\'ations 
are  in  accordance  with  those  of  Wright  in  the  Glasgow  epidemic, 
as  the  following  cases  indicate: 

1.  Z.  L.,  Sgt.,  Hdq.  Co.,  323  Inf.,  worked  in  office  with  B.  A.  who 
was  cultured,  found  positive  Jan.  16,  1918,  and  removed  to  the  carrier  camp 
the  same  date.  Z.  was  admitted  to  the  Base  Hosp.  Jan.  2.5,  diag.  Fever 
undetermined.  Diag.  C.  S.  M.  established  Jan.  26.  The  period  of  incuba- 
tion in  this  instance  is  nine  days. 

2.  L.  F.  R.,  Pvt.,  Remount  Depot,  admitted  to  Hosp.,  Jan.  2.5,  1918, 
diagnosis  influenza.  On  the  same  date  diagnosis  C.  S.  M.  was  established. 
This  patient  boasted  of  having  slipped  by  the  sentry  for  the  purpose  of 
visiting  the  317  M.  G.  Bat..  Co.  B.,  about  one  week  before  his  admission. 
On  Jan.  20.  McK.  of  the  317  M.  G.  B.  Bat.,  Co.  B,  was  admitted  to  the 
Base  Hospital,  diag.  C.  S.  M.  In  this  instance  the  period  of  incul)ati()n  was 
about  5  days. 

3.  That  the  incubation  period  mav  be  still  shorter  is  indicated  bv  the 
following  case:  C.  T.  B.,  Pvt.,  Co.  13',  ir,6  D.  B.,  cultured  Jan.  11,  found 
neg..  recultured  Jan.  13,  a  gram-neg.  Diplococcus,  morphologically  menin- 
gococcus was  isolated.  The  organism  did  not  agglutinate.  Jan.  14,  C  was 
admitted  to  the  Base  Hospital,  diag.  Fever  undetermined.  Diag.  C.  S.  M. 
established  Jan.  15,  1918.  The  probable  period  of  incubatif)n  in  this  case  is 
two  davs. 
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The  onset  of  the  symptoms  probably  marks  the  time  when  the 
meningococcus  gains  entrance  into  the  system  from  the  naso- 
pharynx, where  it  has  existed  from  time  of  infection. 

The  small  percentage  of  carriers  who  contracted  the  disease 
raised  the  question  as  to  their  immunity  to  the  organism  they  har- 
bored. The  problem  had  a  wider  apijlication.  for  if  there  existed 
a  demonstrable  immune  body  in  the  serum  of  the  carrier,  an  im- 
munity might  possibly  be  induced  by  the  use  of  suspensions  of 
killed  meningococci  in  healthy  individuals  as  a  prophylactic 
measure. 

It  became  apparent  that  results  of  the  agglutination  experiments 
depended  in  a  large  measure  upon  the  strain  of  meningococci  used. 
The  suspensions  of  meningococci  used  for  agglutinations  were 
made  from  hemolyzed  blood  glucose  agar  slants.  The  growth  was 
washed  off  with  salt  solution,  the  suspension  filtered  through  gauze 
and  placed  in  the  incubator  at  56  degrees  C.  for  several  hours  to 
destroy  the  bacteriolytic  ferment. 

The  agglutinations  were  also  incubated  at  this  temperature. 

Table  V. 

Name  Dilution  Salt  Sol. 

1:10  1:20  1:40  1:80 

1.  W.  B 

2.  B.  Th 

3.  B.  G.  W 

4.  G.  H 

5.  F.  W 

6.  F.   J 

7.  Max   Chr 

8.  B.  W.  G 

10.  McA.  J.   M 

11.  F.  C.  F 

12.  D.   E 

13.  Th.  C 

Rockefeller  Poly.   S ++  -H^-  +-H  +-|-  

The  sera  were  obtained  Jan.  16,  1918,  from  the  carriers  in- 
dicated above.  The  agglutination  test  was  run  Jan.  18,  the  sera 
having  been  kept  in  the  refrigerator  in  the  interim.  Strain  used 
is  that  of  carrier  No.  1  of  this  table,  isolated  from  the  naso- 
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pliar\nx.  This  carrier  was  isolated  Dec.  24,  1917.  and  kept 
in  the  carrier  camp  on  account  of  repeated  positive  cultures, 
for  at  least  four  months. 

Six  sera  ol)taine<l  from  ])atients  admitted  to  the  hase  hospital 
for  suspected  meningitis  gave  also  negative  agglutination  reaction. 

In  view  of  the  negative  findings  in  the  ahove  experiment  strain 
Xo.  ■)  isolated  from  the  s])inal  fluid  Dec.  L").  KM  7,  was  chosen. 
because  this  strain  had  been  under  trans])lantation  for  one  month. 

Table  (5  indicates  the  results  of  this  ex])eriment. 

Table  VI. 

Name  Dilution  of  serum  Salt.  Sol. 

1:10  1 :20  1  :40  Control 

1.  \V.   H 

2.  B.  Th.   

3.  B.  G.  \V 

4.  G.   H 

7.  M.   Ch 

8.  B.    W 

9.  J.   H 

10.  McA.  J.  M +-f  ++  +  

n.  F.  C.  F ++  ++  +  

12.  D.    E —  

13.  Th.  C ++  ++  +  

Rockefeller    Polv.    S ++  ++  ++  • 

The  .sera  of  the  six  admissions  to  the  hospital  giving  negative  reaction 
with  the  carrier  strain  B.  W.,  gave  the  following  reactions  with  strain  No.  5  : 

1.  McC.  Ph ++  ++  +  

2.  H.  C.  J ....++  ++  +  

3.  Brady    ++  ++  +  

4.  Berry     4-+  , 

3.     F ++  ++  +  ■' 

6.     P.    A ++  ++  +  

The  agglutinations  in  table  'i  were  carried  otit  Jan.  1!),  1918. 
with  the  same  sera  as  used  for  the  previous  experiment  (Table  5). 
The  positive  findings  in  three  of  the  carriers  would  indicate  that 
the  results  obtainable  are  flej^endent  on  the  strain  of  meningococcus 
used  in  preparing  the  suspension  for  agglutination. 
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In  all  1()()  >rra  nt  ranici>  frniii  the  carrier  camp  were  tested  by 
agglutination  with  strains  Nd.  '>  and  No.  Kis  obtained  from  the  spinal  fluid. 
Aside  from  the  three  positive  agglutinations  of  Carriers  Nos.  10,  11,  13  of 
Tabic  (5  no  additional  sera  of  carriers  agglutinated  either  of  the  above 
strains.  In  comparing  our  results  with  those  of  F.  L.  Gates.''  it  seems  pos- 
sible that  our  initial  dilution  of  the  sera  (I  :10)  was  too  high. 

To  determine  whether  agglutinations  occurred  in  the  blood  of  cercbro- 
si)iiial  meningitis  patients  early  in  the  disease  blood  was  obtained  from  the 
following  cases  on  admission  and  agglutinations  carried  out  with  Nos.  .'>  and 
168. 

Table  VII. 

Date  of  1-S,'2-1S         1-24-18 

obtaining  Strain  Strain 

Name  Organization  serum  168  5 

1.  H.  Thos.  C.  32.1  Inf.,  Supply  Co 1-1'.)-1S  0  0 

2.  R.  Jos..  ;n()  M.  G.  Bat.,  Co.  B I-IU-IS  O  1:20 

3.  B.  B.  L.,  324  Inf.,  Co.  M 1-20-18  0  1  :40 

4.  S.  McK.,  317  M.  G.  Bat.,  Co.  H 1-20-lS  0  0 

.").  C.   Chas.,    l.*)C.   D.    B.,  Co.   19 1-20-ls  1:320  1:320 

0.  Th.   R.   L.,   l.V)  D.  B.,  Co.  :>0 1-21-18  0  0 

7.  .A.  j.   H.,  317   F.  A.,   Bat.   D 1-22-18  ()  1:20 

8.  L.   M.,  30(1  Kng.,  Co.   D 1-21-18  0  0 

!i.     11.   F.,  322'  Inf.,  Co.   D 1-22-18  0  1:40 

10.     D.    S.,   l.")(;  D.   B.,  Co.  23 1-22-18  0  0 

R.  Polyv.  S 1 :400-[-         1 :4004- 

I'atients  (i  and  ■  were  carr'ers  and  were  admitted  to  the  ho.spital 
from  the  carrier  camp  on  the  dates  their  .sera  were  taken.  The 
>era  of  these  patients  j^ave  no  agglutination  except  in  one  instance 
(-")),  when  strain  1(58  was  used  while  agglutinins  were  demonstrable 
in  one-half  the  number  of  sera  used  when  a  strain  of  meningococci 
was  used  which  agglutinated  readily.  Aside  from  the  polyvalent 
serum  and  sail  solution  controls  a  normal  horse  serum  control  was 
used  in  all  agglutination  experiments.  Case  2,  although  giving  an 
agglutination  of  1  :'20  with  strain  No.  •"),  died  from  the  disease.  The 
lowest  serum  dilution  employed  was  1  :1().  It  is  probable  that  a 
greater  number  of  sera  might  have  gi\en  agglutination  in  still  lower 
dilution. 

In  view  of  the  findings  in  these  cases  on  admission,  it  seemed 
advisable  to  determine  whether  the  agglutinins  increased  during  the 
course  of  the  disease.  The  results  of  the  agglutination  on  treated 
patients  are  indicated  in  Table  8. 
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Table  VIII, 

Date  of 

Diag. 

No.  of 

Jan.  19, 

,  1918 

admission 

made 

days 

strain     ; 

strain 

to 

in 

in 

No. 

No. 

Initials 

Organization 

Hosp. 

Lab. 

Hosp. 

B.W. 

5 

1. 

G.  S.. 

316  F.  A., 

Bat. 

D. 

12-24-17 

12-25-17 

26 

1:40 

1:40 

2. 

Th.  F. 

,  156  D.  B. 

,  Co. 

13 

12-11-17 

12-11-17 

39 

1:20 

1:40 

3. 

A.  L., 

316  F.  A., 

Bat. 

A. 

12-14-17 

12-15-17 

36 

0 

1:40 

4. 

B.  Th 

.,  371  Inf., 

Co. 

C. 

12-16-17 

12-16-17 

34 

0 

1:40 

5. 

D.  R.. 

316  F.  A., 

Bat. 

A. 

1-  6-18 

1-  6-18 

13 

0 

1:40 

6. 

A.  CI. 

.  156  D.  B. 

,  Co. 

15 

12-29-17 

12-30-17 

21 

— 

— 

J; 

an.  22.  1918 

Jan.  24 

Natui 

re  of  T 

rcatment. 

No.  168 

N 

o.   5 

1. 

1  :80 

1 

:320 

Intraspinally  only. 

2. 

1  :40 

1 

:320 

Intravenously,  ] 

large  amounts. 

3. 

1:320 

1 

:160 

Intraspinally  only. 

4. 

1:40 

1 

:320 

Intraspinally  only. 

5. 

0 

1 

:320 

Intravenously,  ] 

large  amounts. 

6. 

0 

1 

:80 

Intravenously,  ] 

large  amounts. 

Cases  2,  5  and  G  received  average  or  small  amounts  of  an- 
timeningococcic serum  intraspinally.  These  patients  w^ere  classified 
as  severe  cases  of  meningitis.  The  production  of  agglutinins  in 
the  blood  of  the  patient  appears  to  increase  during  the  course  of 
the  disease.  That  this  increase  in  agglutinins  is  not  entirely  due 
to  the  agglutinins  introduced  with  the  therapeutic  serum  demon- 
strated by  the  findings  in  the  blood  of  patients  1,  3  and  4,  who  were 
treated  intraspinally  only,  the  amount  of  serum  given  hardly  ex- 
ceeding 40-50  c.  cm.  at  any  one  treatment  while  patients  2,  5,  and  6 
received  from  100-125  c.cm.  of  serum  at  one  time.  That  the  ag- 
glutinins are  formed  by  the  patient  was  brought  out  in  the  agglutin- 
ation test  with  the  serum  of  case  3  C.  Ch.  Pvt.,  156  D.  B.,  Co.  19, 
whose  serum  agglutinated  both  strains  Nos.  5  and  168  in  a  dilution 
of  1  -.320.  This  patient,  a  meningitis  suspect,  received  no  serum 
treatment,  because  the  laboratory  findings  of  his  spinal  fluid  were 
negative. 

We  were  imable  to  demonstrate  agglutinins  in  the  spinal  fluids 
of  a  large  number  of  patients,  both  during  their  period  of  active 
treatment  and  after  their  s])ina]  fluid  had  become  free  of  organisms, 
and  the  pathological  excess  of  cells. 
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Aside  from  a  few  cases  of  cerebrospinal  meningitis  among  the 
civil  population  of  Columbia,  S.  C,  who  for  one  reason  or  another 
could  not  be  transferred  to  the  Base  Hospital,  Camp  Jackson,  the 
majority  of  civilian  patients  received  their  initial  treatment  at 
Columbia  and  were  then  transferred  to  the  Base  Hospital,  it  is 
of  interest  to  note  that  not  all  the  civilian  patients  thus  admitted 
suffered  from  cerebrospinal  meningitis  traceable  to  contact  with 
enlisted  personnel  or  the  proximity  of  the  camp  to  the  city.  For 
one  of  these,  a  negro,  became  ill  with  cerebrospinal  meningitis  while 
serving  an  extended  term  in  jail ;  the  other,  Hayward  Trezever- 
ant,  admitted  Jan.  31,  1918,  had  never  been  near  the  camp  and  had 
just  arrived  from  Ft.  Mott. 

The  prophylactic  measures  taken  by  the  Board  of  Health  of  the 
city  consisted  in  the  prompt  isolation  of  all  suspicious  cases  and 
those  who  had  been  in  contact  with  them.  The  latter  were  cultured 
for  meningococci  of  the  nasopharynx  and  kept  under  quarantine 
until  found  free.  Public  schools,  churches  and  places  of  popular 
amusement  were  closed  and  the  use  of  street  cars  by  children  dis- 
couraged for  about  six  weeks  during  the  height  of  the  epidemic. 
Throughout  the  epidemic  there  was  the  closest  co-operation  be- 
tween the  Division  Surgeon  and  the  health  authorities  of  the  city 
and  State.  The  prophylactic  measures  agreed  upon  for  those  de- 
siring to  visit  the  city  have  been  indicated  in  the  earlier  i)art  of 
this  communication. 

I  take  pleasure  in  acknowledging  the  assistance  given  me  by 
Drs.  A.  H.  Bunce,  G.  C.  Brunelle,  J.  S.  Fleming,  G.  F.  Klugh, 
E.  H.  AlcClean  and  A.  V.  Solomon,  members  of  the  laboratory 
stai?,  Base  Hospital,  Camp  Jackson,  S.  C. 
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The  recent  epidemic  of  meniny^itis  at  this  camp  afforded  excel- 
lent opportunities  for  studying  the  disease,  and  brought  out  certain 
phases  in  its  onset  and  course  which,  heretofore,  have  not  received 
the  attention  that  their  importance  warrants.  The  unusual  severity 
with  which  the  disease  manifested  itself  no  doubt  accentuated 
those  phases  so  that  they  stood  out  more  ])rominently  in  its  syn- 
drome. 

While  it  is  generally  accepted  that  the  meningococcus  is  car- 
ried in  the  secretions  of  the  naso])harynx  of  patients  and  contacts, 
its  mode  of  reaching  the  sites  of  the  body  where  its  presence  gives 
rise  to  the  patholcjgic  manifestations  is  as  yet  to  lie  definitely 
settled.  Whether  the  meningococcus  passes  directly  to  the  ner- 
vous system  by  way  of  the  lymphatics  between  the  nasopharynx 
and  the  meninges,  or  indirectly  by  way  of  the  blood,  has  not  been 
established. 

The  nature  of  the  onset  and  course  of  the   disease  in  some 
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cases  pointed  to  the  probable  existence  of  a  systemic  infection  be- 
fore the  meninges  were  affected.  The  course  of  the  disease  seemed 
to  divide  itself  into  two  periods,  the  premeningeal  and  the  menin- 
geal. The  premeningeal  was  characterized  by  chills,  severe  tox- 
emia, and  petechise.  The  spinal  fiuid  drawn  during  this  interval 
was  frequently  clear,  free  from  polymorphonuclear  leukocytes,  and 
contained  few  or  no  organisms.  During  this  stage  Noguchi's 
butyric  acid  test  for  globulins  was  either  very  faint  or  negative. 
Fehling's  solution  was  reduced. 

The  progress  of  the  disease  in  these  cases,  showing  symptoms 
of  a  general  toxemia  previous  to  or  coexistent  with  those  of  menin- 
geal involvement,  suggested  that  as  in  other  infectious  diseases, 
as  typhoid  and  pneumonia,  we  were  dealing  with  a  bacteremia 
which  in  its  later  course  involves  the  meninges. 

That  the  meningococcus  occasionally  gets  into  the  blood  is 
borne  out  by  the  occurrence  of  lesions  in  various  parts  of  the  body 
from  which  we  have  recovered  and  identified  the  meningococcus. 
These  lesions  have  always  been  regarded  as  late  systemic  manifes- 
tations of  the  disease;  and  the  occurrence  of  the  organism  in  the 
blood,  even  though  it  has  frequently  been  recovered  by  blood  cul- 
ture, was  considered  as  exceptional.  The  early  appearance  of 
these  lesions  and  the  characteristics  of  the  disease  mentioned  above 
lead  us  to  believe  that  it  is  essentially  systemic,  and  caused  us  to 
advise  the  intravenous  administration  of  serum,  which  in  the  hands 
of  the  clinicians  has  shown  such  promising  results.  An  occasional 
blood  culture  taken  in  the  course  of  the  epidemic  confirmed  us  in 
the  belief  that  the  organism,  in  the  early  stages  of  the  disease, 
invades  the  blood  ;  and  as  the  stress  of  routine  work  permitted, 
further  cultures  were  made. 

\Miile  the  series  reported  here  is  small  (twenty-five  cases),  it 
is  very  suggestive.  When  it  is  considered  that  the  meningococcus, 
under  the  most  favorable  circumstances,  is  an  extremely  difficult 
organism  to  grow  artificially  at  first  from  the  cerebrospinal  fluid, 
and  that  a  blood  organism  is  highly  parasitic,  the  percentage  of 
positive  cultures  obtained  would  point  to  a  much  higher  incidence 
than  the  actual  figures  would  indicate. 

As  large  amounts  of  a  vigorous  growth  have  to  be  transferred 
to  obtain  successful  transplants,  so  a  large  quantity  of  blood  is 
necessary  for  the  inoculation  of  the  first  culture.     In  the  milder 
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cases  the  number  of  micro-organisms  even  in  a  large  amount  of 
blood  is  necessarily  small ;  for  this  reason  it  is  in  the  relatively 
severe  cases,  in  which  the  number  of  organisms  is  large,  that  the 
positive  culture  is  obtained. 

The  fact  that  the  organism  has  been  isolated  from  lesions  in 
which  the  meningococcus  infection  has  not  l)een  suspected  points 
to  the  probability  that  even  in  the  milder  cases  the  disease  is  gen- 
eral, rather  than  a  local  infection  confined  to  the  meninges. 

Up  to  the  present  the  stress  of  work  has  prevented  us  from 
taking  more  than  a  single  culture  from  each  patient,  excepting  in 
two  cases,  one  of  which  was  twice  positive  and  the  other  twice 
negative.  If  repeated  cultures  were  taken  they  would  probably 
show  an  even  higher  percentage  of  positives. 

At  present  a  culture  is  taken  as  soon  as  the  patient  is  admitted 
and  the  provisional  diagnosis  made,  and  before  any  serum  has  been 
given.  A  member  of  the  laboratory  stafif  is  always  on  call  at  any 
hour  to  get  the  blood.  At  the  same  time  sufficient  blood  is  obtained 
for  agglutination  tests,  the  results  of  which  will  be  reported  later. 

The  occurrence  of  the  meningococcus  in  other  sites  of  the  body 
has  been  pointed  out.  That  this  metastatic  localization  may  fol- 
low the  meningeal  involvement  must  be  granted ;  it  is  equally  pos- 
sible that  the  occurrence  of  the  organism  in  other  regions  than 
the  meninges  is  due  to  the  systemic  invasion  occurring  in  the  early 
stages  of  the  disease. 

REPORT  OF   CASES. 

Case  1. — Private  E.  S.,  aged  2(),  admitted,  Dec.  2.  1917,  complained  of 
sore  throat  of  two  days'  duration.  He  began  feeling  chilly  on  the  morning 
prior  to  admission.  He  complained  of  headache,  and  pains  in  his  bones  and 
muscles.  The  provisional  diagnosis  was  acute  pharyngitis.  December  8, 
40  c.c.  of  slightly  cloudy  fluid  were  removed  by  lumbar  puncture.  The  fluid 
contained  many  pus  cells  and  intracellular  and  extracellular  gram-negative 
diplococci.  December  19,  the  patient  developed  arthritis  of  both  knees;  45 
c.c.  of  gelatinous  purulent  fluid  were  removed  from  the  left  knee,  and  40 
c.c.  of  a  similar  fluid  from  the  right  knee  joint.  Bacteriologic  examination 
of  these  fluids  was  negative.  December  25,  a  second  puncture  of  the  knee 
joints  revealed  fluids  of  a  character  similar  to  that  removed  by  the  first 
aspiration.  Jan.  6.  1918,  the  patient  developed  panophthalmitis  of  the  left 
eye,  which  was  enucleated.  Smears  from  the  interior  of  the  eye  revealed 
numerous  gram-negative,  intracellular  and  extracellular  diplococci.  January 
8,  the  patient  was  discharged.  The  bacteriologic  examination  of  the  knee 
fluids  gave  a  gram-negative  diplococcus  which  was  identified  as  a  meningococ- 
cus of  the  regular  type.^ 

1.  Final  identification  of  the  meningococcus  is  made  by  agglutination  with  serums 
supplied  by  the  Rockefeller  Institute  and  the  Department  of  Health  of  New  York  City. 
Types  are  determined  by  serums   furnisheil  by  the  Army   Medical   .School. 
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Cask  2. — Private  J.  M.  F..  aged  2"),  admitted,  Jan.  ."),  1918,  was  in  very 
poor  condition;  there  were  marked  tremor,  and  c\anosis  of  the  lips  and  fin- 
ger tips.  The  provisional  diagnosis  was  bronchitis  following  measles.  Jan- 
uary 11,  broncho-pneumonia  developed.  The  patient  died,  January  l.">.  Cul- 
tures of  pus  found  at  necropsy  in  the  sphenoid  sinus  gave  a  gram-negative 
diplococcus  which  was  identified  as  the  meningococcus  of  the  regular  type. 

Case  .'i. — Private  S.  R.,  aged  23,  admitted,  Nov.  15,  1917,  complained  of 
cold  and  pain  in  the  chest,  and  pain  in  the  eyes  and  the  back.  The  pro- 
visional diagnosis  was  measles.  November  24,  bronchitis  developed  on  the 
left  side.  November  28,  there  was  pleurisy  on  the  left  side.  Next  day  a 
diagnosis  of  broncho-pneumonia  was  made.  Jan.  15,  1918,  an  intercostal 
incision  for  left  empyema  was  made,  and  a  large  amount  of  slightl}'  cloudy 
serous  fluid  removed,  which  was  sent  to  the  laboratory  for  bacteriologic 
examination.     A  meningococcus  of  the  regular  type  was  isolated. 

COMMENT. 

While  Case  1  jjermits  the  conclusion  of  metastatic  involve- 
ment (luring  the  course  of  the  disease,  Cases  2  and  3  indicate  that 
the  meningococcus  infection  may  occur  as  a  generalized  bacteremia 
without  causing  noticealjle  meningeal  symptoms. 

The  mediums  as  well  as  the  method  of  carrying  on  this  work 
are  given  in  greater  detail,  because  they  can  be  followed  under 
field  conditions,  and  furthermore,  on  them  depend  in  a  large  meas- 
ure the  results  obtained  in  this  series  of  cases. 

Mediums  Employed. — From  80  to  100  c.c.  of  meat  infusion 
bouillon,  salt  free,  are  sterilized  in  6-ounce  medicine  bottles.  The 
advantages  in  the  use  of  these  containers  lie  in  the  facts  that  they 
are  easily  obtained,  and  that  the  narrow  mouth  reduces  the  chances 
of  contamination. 

To  this  bouillon  are  added  1  per  cent,  glucose  and  10  per  cent, 
serum  water.  This  medium  is  .stored  in  the  incubator  to  be  thor- 
oughly warm  at  the  time  of  inoculation.  Two  bottles  are  inocu- 
lated by  the  placing  of  from  15  to  20  c.c.  of  the  patient's  blood 
in  each.  A  culture  is  made  at  the  same  time  from  the  patient's 
nasopharynx  on  a  glucose-blood-agar  plate.  The  plates  are  exam- 
ined the  following  day  for  suspicious  looking  colonies,  and  these 
are  transferred  to  a  glucose-blood-agar  slant  for  identification. 

The  blood  cultures  are  incubated  at  37°  C.  and  subcultures  are 
made  at  twenty-four  hour  intervals  on  1  per  cent,  glucose-blood- 
agar  plates.  Positive  cultures  are  obtained  in  from  forty-eight  to 
ninety-six  hours.  Negative  cultures  are  kept  under  observation 
for  an  additional  five  days  before  being  discarded. 

Appearance  of  Positive  Bouillon  Culture. — Red  blood  cells  lie 
free  on  the  bottom  of  the  flask  unchanged.     The  supernatant  fiuid 
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t  B.  P.  ID  IJiie  (able  refers  to  Rockefeller  polyvalent  serum.  No«.  1.  10.  30  and  60  are  the  Rockefeller  type  jierums  a?  (urnislicf  by  the  Army 
Medir.il  .School.  Thei^e  were  furnished  lo  two  lot^.  The  .No..60  of  oue  lot  haa  a  cross  agglutioatioa  titer  of  1:400  with  No.  11).  i*tie  No.  4 
Mrum  was  kiodly  furoi-shed  by  Capt.  Harold  L.  Amo^s,  51.  B.  C.  Nos.  1  aod  I  are  representative  of  the  Dornia]  or  regular  type.  Nos.  10 
ADd  30  are  JaterrDediates.      No.  60  Is  a  pararaeoin gococcus.    It  will  be  noted  that  these  cultures  belong  to  the  normal  or  regular  tyiic. 


is  slightly  cloudy  ancj  ha.s  a  faintly  greenish  opalescence.     As  the 
culture  ages,  the  color  of  the  medium  deepens. 

Method  of  Making  Subcultures. — From  the  bottom  of  the  flask 
just  above  the  sedimented  blood  cells,  about  1  c.c.  of  the  culture 
is  withdrawn,  poured  over  each  of  a  series  of  1  per  cent,  glucose- 
blood-agar  plates,  and  incubated  with  the  cover  up.  (A  2  per  cent, 
agar  plus  0.2  phenolphthalein,  to  which  1  per  cent,  of  glucose  and 
To  i)er  cent,  of  laked  human  blood  is  added.) 
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In  from  sixteen  to  twenty- four  hours,  the  liquid  has  evaporated 
from  the  plate,  and  the  growth  appears  as  either  a  grayish-white 
gelatinous  coat  or  as  discrete  colonies.  At  the  time  of  transfer 
from  the  bouillon  culture  to  the  plates,  a  transfer  is  also  made  to 
a  slant  of  the  same  medium  by  allowing  0.2  c.c.  of  the  bouillon  cul- 
ture to  run  over  the  slant.  This  frequently  gives  sufficient  growth 
for  agglutinating  purposes. 

The  colonies  on  an  eighteen  to  twenty-four  hour  growth,  with 
the  employment  of  the  foregoing  medium,  are  from  0.5  to  3  mm. 
in  diameter,  and  are  round,  with  an  even,  circular,  smooth  edge 
and  a  smooth  surface.  Pjy  reflected  light  the  colony  appears  gray 
and  glistening,  with  a  soft,  velvety  tone.  By  transmitted  light  it 
has  the  general  appearance  of  a  drop  of  honey,  though  faintly  hazy. 
When  touched  procedure  frequently  gives  sufficient  growth  for 
agglutinating  purposes. 

SUMMARY. 

In  this  series  of  twenty-hve  cases,  we  have  included  only  those 
cases  in  which,  in  the  spinal  fluid,  organisms  were  found  having 
the  morphology  of  the  meningococcus. 

The  findings  in  the  three  early  cases  induced  us  to  make  routine 
cultures. 

The  remaining  twenty-two  cultures  were  taken  in  consecutive 
cases,  giving  36.3  per  cent,  of  positives. 

CONCLUSIONS. 

1.  Systemic  infection  by  the  meningococcus  is  more  frequent 
than  previously  suspected. 

2.  This  systemic  infection  may  occur  without  appreciable  or 
with  no  meningeal  localization. 

3.  Systemic  infection  may  be  previous  t.o,  or  coexistent  with, 
meningeal  involvement. 

4.  Consequently  the  intravencms  administration  of  antimenin- 
gococcic serum  is  rational,  and  is  indicated  in  conjunction  with 
the  intraspinal  treatment. 

For  the  histories  quoted  in  this  communication,  we  are  indebted  to 
Major  Hcrrick,  M.  R.  C.  chief  of  the  medical  service. 
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STUDIES  ON  ANTHELMINTICS. 

VI.       Tests    of    the    Administration    of    Anthelmintics    in    Enteric-Coated 
Soft   Gelatin    (Soluble   Elastic)    Capsules. 

^lAURiCE  C.  Hall,  Ph.  D.,  D.  V.  M., 

(Parasitologist,    Medical   Research   Laboratories,   Parke,    Davis   &•    Co..    Detroit,    Mich.*) 

Anthelmintics  intended  to  remove  worms  from  the  small  intes- 
tine must  first  pass  the  stomach,  and  we  know  that  a  certain 
amount  of  the  anthelmintic  is  absorbed  by  the  stomach,  thereby 
adding  to  the  systemic  toxic  effects,  in  addition  to  diminishing 
the  amount  of  anthelmintic  available  against  the  worms  in  the 
small  intestine.  Furthermore,  the  anthelmintic  undergoes  dilu- 
tion by  the  fluids  and  ingesta  in  the  stomach,  which  dilution  may 
reach  a  point  where  it  will  perceptibly  diminish  the  efficacy  of  the 
drug  and  may  render  it  entirely  ineffective. 

To  avoid  the  above  objectionable  effects  from  the  passage  of 
anthelmintics  through  the  stomach,  it  would  appear  to  be  the 
logical  thing  to  enclose  the  drug  in  an  enteric  coat,  so  that  the 
drug  would  be  released  in  the  intestine,  thereby  avoiding  absorp- 
tion and  dilution  in  the  stomach.  In  actual  practice,  enteric  coats 
are  not  entirely  satisfactory  affairs.  A  number  of  substances 
which  are  comparatively  insoluble  in  the  acid  gastric  juice  are 
used,  such  as  talc-shellac,  phenyl  salicylate,  keratin,  and  formalin- 
hardened  gelatin,  but  there  are  objections  of  one  sort  and  another 
to  these.  In  our  experience,  talc-shellac  coatings  will  open  in 
the  stomach  at  times  or  fail  to  open  in  the  upper  portion  of  the 
small  intestine  at  times,  and  the  formalin-hardened  gelatin  gets 
progressively  harder  with  age  and  ultimately  fails  to  open  at  all, 
passing  the  entire  digestive  tract. 

Tests  of  soft  capsules  containing  oil  of  chenopodium  and  coated 
with  the  talc-shellac  preparation  gave  entirely  satisfactory  anthel- 
mintic results.  The  dose  used  was  that  given  by  the  writer  (Hall, 
1917)  in  a  previous  paper — 5  minims  to  dogs  weighing  10  pounds 
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or  less.  10  minims  to  dogs  weighing  10  to  20  pounds,  15  minims 
to  dogs  weighing  20  to  30  pounds,  and  20  minims  to  dogs  weigh- 
ing over  'M)  pounds.  In  one  or  two  instances  where  dogs  weighed 
close  to  the  upj^er  limit  of  the  10-pound  range  given  here,  the 
additional  .")  minims  of  the  range  above  was  giveti.  The  tests 
are  Hven  in  the  following  table : 
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There  are  16  dogs  in  the  above  experiment.  The  weight  is 
given  in  kilos  (1  kilo  =  2.2  pounds).  The  dose  is  given  in 
minims,  and  in  all  cases  was  followed  immediately  by  30  mils  of 
castor  oil,  except  in  the  case  of  Dog  No.  72,  where  it  was  preceded 
by  15  mils  of  castor  oil  and  followed  by  30  mils  additional,  15 
minutes  after  giving  the  capsules.  The  4  dogs  marked  z'  vomited 
their  capsules,  opened,  which  indicates  that  these  capsules  may 
oi)en  in  the  stomach  at  times,  thougli  the  moistened  capsule  may 
have  opened  in  the  dog's  esophagus  during  vomition  or  may  have 
been  broken  by  the  teeth  at  this  time ;  the  anthelmintic  efficacy 
was  not  noticeably  impaired  by  the  fjpening  of  the  capsules,  appa- 
rently. The  dogs  averaged  a  little  less  than  1 0  kilos  in  weight ; 
Hall  and  Wigdor  (1918j  have  shown  that  10  kilos  is  about  the 
average  weight  for  dogs.  They  received  an  average  dose  of  a  little 
less  than  18  minims,  or  a  little  more  than  1    mil,  which  is  close 
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to  the  therapeutic  (lose  of  0.1  mil  per  kilo,  which  the  writer  (  Hall, 
li'll  )  has  estahlished  experimentally.  Two  clogs  were  not  infested 
with  ascaricN,  which  is  taken  hy  the  writer  as  the  test  worm  for 
this  anthelmintic,  'ilie  14  infested  dogs  had  a  total  of  183 
ascarids,  all  of  which  were  removed,  giving  an  efficacy  of  100  per 
cent  Of  a  total  of  10  hookworms,  4  were  removed,  or  40  per  cent. 
Of  a  total  of  63  whipworms,  only  1  was  removed,  a  total  of  less 
than  2  per  cent.  Of  252  tapeworms,  none  were  removed,  an 
efficacy  of  0  per  cent. 

A  series  of  tests  were  made  with  soft  capsules  containing 
5  minims  of  oil  of  chenopodium  and  10  minims  of  chloroform 
each,  these  capsules  being  treated  to  form  an  enteric  coat  of  the 
gelatin  by  leaving  them  in  1  per  cent  formaldehyde  for  a  half 
minute  to  a  minute  and  then  allowing  at  least  two  weeks  to  elapse 
before  using.  44ie  capsules  used  were  given  their  enteric  coating 
by  Wilbur  L.  Scoville  and  were  less  than  a  month  old  when  used. 
After  a  year  to  a  year  and  a  half,  according  to  Scoville,  such 
capsules  become  so  insoluble  that  they  pass  the  digestive  tract 
unopened. 

In  our  series  of  tests  we  were  unfortunate  in  being  unable  to 
obtain  enough  dogs  infested  with  ascarids  or  hookworms  to  give 
the  best  sort  of  test,  only  3  dogs  out  of  14  having  ascarids  and 
only  one  having  hookworms.     The  tests  were  as  follows : 
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The  weig"ht  is  given  here  in  kilos.  The  dose  is  given  in  numher 
of  capsules,  each  capsule  containing  -1  minims  of  oil  of  chenopo- 
dium  and  10  minims  of  chloroform,  as  noted  above.  The  capsules 
were  followed  immediately  with  30  mils  of  castor  oil.  except  in 
the  cases  noted  above,  where  larger  doses  were  given.  Eight  of 
the  li  dogs  vomited  after  treatment,  bringing  up  the  capsule  in 
some  cases.  In  one  of  these  cases,  Dog  lOG,  where  vomiting  oc- 
curred, though  no  capsules  were  found  in  the  vomitus,  the  treat- 
ment was  an  entire  failure  against  ascarids.  These  dogs  averaged 
a  little  less  than  10  kilos  in  weight  and  received  on  an  average 
about  13  minims  of  oil  of  chenopodium  and  26  minims  of  chloro- 
form. There  were  ascarids  present  in  3  dogs :  The  treatment 
removed  all  of  these  in  one  case,  none  of  them  in  another  case, 
where  vomition  occurred,  and  58  per  cent  in  another  case  (Dog 
109).  In  this  last  case,  the  dog  had  1  ascarid  in  the  small  intes- 
tine and  4  in  the  stomach.  This  develops  one  objection  to  the 
use  of  enteric-coated  preparations  for  use  against  ascarids.  These 
womis  are  notorious  for  their  wandering  habits,  and  the  stomach 
is  a  favored  site  for  wandering,  especially  in  puppies.  Obviously 
an  enteric  preparation  that  passes  the  stomach  unopened  will  fail 
to  remove  ascarids  located  in  the  stomach. 

While  there  is  something  fascinating  about  the  idea  of  exploding 
an  anthelmintic  bombshell  in  the  midst  of  the  worms  in  the  small 
intestine,  there  are  certain  difficulties  in  the  way  of  a  practical 
application.  For  one  thing,  the  shell  may  pass  by  a  number  of 
worms  in  the  duodenum  and  upper  jejunum  before  exploding, 
and  it  is  impossible  to  time  the  shells  for  various  ranges  and 
bracket  the  initial  shots.  It  seems  likely  that  the  ca])sule  would 
shove  before  it  such  worms  as  ascarids,  especially  in  masses,  until 
it  broke,  but  it  would  easily  slip  by  such  worms  as  hookworms  or 
even  small  ascarids.  The  treatment  failed  to  remove  the  2  hook- 
worms present.  It  removed  8  of  143  whipworms,  a  little  over  5 
per  cent,  and  removed  2  of  4TG  tapeworms,  or  less  than  1  per  cent. 

The  results  obtained  by  the  use  of  formalin-gelatin  enteric  coats, 
enclosing  a  mixture  of  oil  of  chenopodium  and  chloroform,  are 
not  satisfactory.  On  the  other  hand,  the  results  obtained  by  the 
use  of  the  talc-shellac  coat  are  unusually  good,  the  minimum  thera- 
peutic dose  removing  all  the  a.scarids  ]:)resent  from  14  infested 
dogs.  Whether  this  efficacy  is  to  be  attributed  in  any  part  to  the 
anthelmintic  coat  is  debatable. 
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Just  how  uncertain  is  the  action  of  an  enteric  coat  may  be 
jucl.e^ed  from  the  following  experiments: 

Dui,'-  No.  332,  a  mongrel  weighing  14  kilos,  was  given  three 
10-minim  soluble  elastic  gelatin  capsules  of  oil  of  chenopodium, 
enteric  coated,  with  the  talc-shellac  preparation,  the  capsules  being 
followed  immediately  with  30  mils  of  castor  oil.  Two  hours  and 
5  minutes  later  the  dog  was  shot,  and  I  minutes  thereafter  the 
stomach  was  opened.  Ihe  three  capsules  were  found  in  the  stom- 
ach unopened ;  the  castor  oil  had  apparently  gone  on  through  the 
small  intestine. 

Dog  No.  334,  a  wolfhound  mongrel  weighing  14.5  kilos,  was 
given  three  similar  capsules  and  the  same  amount  of  castor  oil. 
Three  hours  later  the  dog  was  shot  and  the  stomach  opened.  Two 
capsules  were  found  in  the  stomach  ;  the  enteric  coats  were  cracked, 
but  the  capsules  were  not  opened.  One  capsule  was  found  in  the 
lower  jejunum,  similarly  with  a  cracked  enteric  coat,  but  un- 
opened.    The  castor  oil  was  in  the  cecum  and  the  large  intestine. 

It  aj)pears  from  the  above  that  enteric-coated  capsules  may  lie 
in  the  stomach  for  long  periods,  while  the  accompanying  purgative 
passes  out ;  that  the  enteric  coats  may  break  partly  by  digesting 
and  partly,  perhaps,  from  mere  moistening,  softening,  and  the 
mechanical  effects  of  peristalsis  ;  that  the  capsules  may  pass  as 
far  as  the  lower  jejunum,  and  perhaps  to  the  large  intestine, 
without  opening;  and  that  of  the  same  lot  of  capsules,  simultane- 
ously administered,  some  may  do  one  thing  and  some  another. 
\\'ith  talc-shellac  coats,  the  ascaricidal  efficacy  is  unimpaired,  while 
no  conclusions  can  be  safely  drawn  from  the  showing  of  40  per 
cent  efficacy  against  hookworms. 

Zeigler  (1917)  has  also  investigated  the  possibilities  of  enteric- 
coated  capsules  of  oil  of  chenopodium.  from  a  ])hysiological  stand- 
point, and  without  reference  to  their  anthelmintic  value.  He  used 
hard  capsules,  filled  with  a  hypodermic  syringe  and  coated  with 
salol  by  dipping  in  melted  salol,  drying,  and  repeating  the  process 
until  a  sufficiently  thick  coat  had  formed.  He  notes  that  as  ordi- 
narily given,  dogs  will  show  symptoms  of  chenopodium  absorption 
within  10  minutes,  and  that  with  the  enteric  coats,  symptoms — and 
presumably  absorption — were  delayed  from  30  minutes  to  an  hour 
and  a  half.  Of  10  animals  given  twice  the  minimum  lethal  dose 
(the  m.  1.  d.  is  0.5  m.  p.  k.),  only  2  died  ;  some  only  showed  vomit- 
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ini^  and  salivation.  Two  animals  were  given  this  close  and  chloro- 
forinod  at  the  end  of  '2  hours.  The  capsules  had  dissolved  and 
eviilence  of  their  solution  was  fnunil  in  the  intestine. 

It  will  be  noted  that  Zeigler's  tindings  differ  from  those  given 
in  this  i-)aper.  He  finds  enteric  ca]xsules  dissolved  in  2  hours ;  we 
found  tlicm  still  in  the  stomach  in  '2  hours,  and  in  the  stomach  and 
in  the  ileum  in  15  hours.  Of  course,  the  explanation  for  this  may 
lie  in  the  fact  that  he  used  a  salol  coat  on  a  hard  capsule,  and 
we  used  a  talc-shellac  coat  on  a  soft  capsule. 

Zeigler  stales  that,  "The  animals  were  placed  in  metabolism 
cages  and  watched  carefully  to  see  that  none  of  the  ca])sules  were 
vomited  or  passed  in  the  stools.'"  It  is  to  be  regretted  that  all  the 
dogs  in  his  experiments  were  not  killed  and  examined  post-mortem. 
It  would  be  interesting  to  learn  why  double  the  m.  1.  d.  of  this 
drug  failed  to  kill  or  even  produce  marked  symptoms  in  these 
dogs.  Apparently  it  is  due  to  the  slight  absorption  of  the  drug  in 
the  intestine,  but  if  this  is  the  case,  why  did  .2  of  the  dogs  die? 
Did  the  capsules,  perhaps,  open  in  the  stomach  in  these  2  cases? 
In  this  connection,  Zeigler  says :  "The  absorption  is  more  rapid 
from  the  stomach  than  from  the  intestines."  On  the  other  hand, 
Salant  and  Livingston  (1915)  found  that  several  hours  may  elapse 
before  evidence  of  absorption  into  the  circulation  could  be  ob- 
tained when  the  oil  was  introduced  into  the  stomach  of  animals, 
in  which  the  pylorus  had  been  previously  ligated,  whereas  absorp- 
tion from  the  duodenum  was  very  rapid.  In  our  own  experience, 
we  find  that  there  is  considerable  variation  in  the  case  of  individual 
dogs,  but  certainly  there  is  a  very  rapid  gastric  absorption  in  most 
cases,  the  onset  of  .symptoms  following  the  administration  of  the 
drug  very  promptly.  On  the  other  hand,  some  dogs  show  little 
evidence  of  the  presence  of  the  drug  at  any  time.  Doubtless  the 
conditions  which  have  been  mentioned  by  Salant  and  his  collabora- 
tor enter  into  these  cases — presence  of  hunger  peristalsis,  amount 
of  fasting,  etc.  In  our  experience,  the  simultaneous  administra- 
tion of  olive  oil  ])rolongs  the  period  in  which  the  castor  oil  remains 
in  the  stomach  and  increases  the  gastric  absorption  and  ])roflucti()n 
of  gastric  lesions. 

Regardless  of  the  fact  in  this  case,  and  both  findings  might  be 
right  for  the  animals  experimented  on,  the  writer  believes  that 
less  is  to  be  expected  from  enteric-coated  capsules  which  will  allow 
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of  chenopodiiini  absorption  only  in  the  intestines  than  from  the 
use  of  such  purgatives  as  castor  oil,  which  will  distribute  the  ab- 
sorption, and  the  ensuing  shock  and  insult  to  the  mucosa,  over  as 
wide  a  surface  as  possible  and  simultaneously  prolong  the  period 
of  absorption  and  allow  the  patient  a  longer  period  in  which  to 
dispose  of  the  toxic  elements  absorbed.  Zeigler  concludes:  "Just 
what  effect  this  delayed  al)sorption  of  the  oil  when  administered 
in  enteric  capsules  would  have  upon  its  vermicide  effect  1  am 
unable  to  say  at  this  time,  but  certain!}-  1  believe  that  the  most 
rational  method  of  administering  the  drug  in  hookworm  disease 
would  be  in  this  manner.''  The  writer  cannot  regard  this  entirely 
reasonable  theory  as  sufficiently  established  by  the  available  facts. 
1'be  anthelmintic  efficacy  with  the  talc-shellac  coats  was  well  main- 
tained, so  far  as  ascarids  are  concerned,  but  even  these  capsules 
went  at  times  to  the  ileum  without  o])ening,  and  the  efficacy  of 
the  formol-hardened  capsules  was  imi)aired.  From  the  available 
facts,  the  writer  is  of  the  opinion  that  enteric  coats  add  to  the  un- 
certainties of  the  action  of  anthelmintics,  though  more  facts  would 
be  welcome. 
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CHLORETONE  WATER:   A  NEW  PRESERVATIVE  OF 
BIOLOGICAL  SPECIMENS. 

Bv  Oliver  Atkins  Farwell 

(Department  of  Botany,  Parke,  Davis  &   Co.,   Detroit,   Mich.) 

During  the  early  part  of  this  summer  (1919)  it  was  suggested 
to  me  by  Dr.  T.  B.  Aldrich  to  try  out  chloretone  water  as  a  vehicle 
in  which  to  preserve  vegetable  material  for  permanent  biological 
exhibits  and  as  a  means  of  keeping  in  a  fresh  condition  vegetable 
material  designed  for  early  laboratory  work.  He  told  me  that 
he  had  animal  organs  in  chloretone  water  that  had  been  kept  for 
several  years,  and  that  they  were  apparently  in  good  condition. 
He  saw  no  reason  why  vegetable  matter  would  not  be  equally  well 
preserved.  I  therefore  carried  chloretone  water  on  my  botanical 
excursions,  and  collected  various  plants,  such  as  Green  Algse, 
Water  Lily  stems,  etc.,  and  put  them  in  the  chloretone  water. 
Plasmolosis  has  not  occurred  in  any  of  the  plants  collected,  which 
included  both  aquatic  and  terrestrial  plants.  It  acts  as  a  good 
fixing  agent  for  filamentous  alg?e,  but  I  have  not  tested  it  out  along 
these  lines  on  denser  tissues  or  structures.  It  gives  ])romise  of 
being  as  good  a  fixing  agent  if  not  better  than  any  now  in  use, 
and  bids  fair  to  outrival  alcohol  as  a  general  preservative  in  both 
cheapness  and  efficiency.  It  kills  all  but  the  most  resistant  spore- 
bearing  bacteria,  so  that  no  growth  occurs  in  any  media  that  con- 
tains a  small  quantity  of  chloretone. 

A  few  grammes  inclosed  in  a  collector's  bottle  permanently 
quieted  small  moths  in  less  than  one  minute,  and  a  large  blue- 
bottle fly  in  two  minutes.  It  is  therefore  equal  to  chloroform 
in  efficiency  for  the  entomological  collector.  If  a  few  grammes 
were  placed  in  the  bottom  of  the  collector's  bottle  and  held  in 
place  beneath  a  pledget  of  cotton  batting,  they  probably  would 
last  throughout  a  whole  season,  or  several  seasons,  provided  the 
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bottle  were  not  left  uncorked  unnecessarily,  and  possibly  prove  to 
be  cheaper  than  chlorofonu.  An  aqueous  solution  from  ^4  to  ^  j  of 
1  per  cent  might  answer  their  purpose  equally  well  and  be  much 
cheaper  in  the  bargain.  Flies  and  yellow  jackets  after  remaining 
for  t\vo  months  in  a  saturated  solution  had  not  lost  their  colors. 
Chloretone  is  soluble  in  water  to  the  extent  of  from  0.5-O.S  per 
cent.  A  saturated  aqueous  solution  of  chloretone  might  cost  any- 
where from  1  to  15^2  dollars  a  gallon,  depending  largely  on  where 
tlie  chloretone  was  procured.  Samples  of  the  fleshy  Purslane 
(Portulaca  oleracea)  kept  in  an  aqueous  solution  of  0.25  per  cent 
strength  have  shown  no  signs  of  degeneration.  Potamogetons 
taken  from  the  Raisin  river  and  corked  up  in  a  bottle  full  of  the 
Tiver  water  had,  in  the  course  of  two  months,  largely  become  dis- 
organized and  much  of  it  had  disintegrated  to  such  an  extent  as 
to  have  been  transformed  into  sediment.  It  may  be  worthy  of 
notice  to  state  here,  as  an  illustration  of  the  tenacity  of  life  under 
unfavorable  conditions,  that  a  single  frond  of  Spirodda  accident- 
ally collected  along  with  the  Potamogetons  had  continued  to  grow 
and  had  increased  to  4  fronds  during  the  same  length  of  time, 
and  that  the  terminal  point  of  one  of  the  Potamogetons  produced 
a  new  growth  exceeding  3  inches  in  length.  I  have  detected  no 
changes  of  any  kind  in  the  organization  of  any  of  the  plants  pre- 
served in  chloretone  water.     They  will,  however,  lose  their  color. 

Laboraton,-  trials  and  tests  will  fix  the  strength  of  the  solution 
necessan*-  for  its  varied  uses.  If  the  weaker  solution  is  sufficient 
for  killing  and  fixing,  its  cheapness  wall  be  about  on  a  par  with 
that  of  the  chromacetic  acid  combination,  but  it  will  be  much 
more  satisfactory  as  a  general  fixing  agent,  as  it  will  save  much 
time  now  lost  in  the  lengthy  washing  process  necessary-  when  the 
chromacetic  fixer  is  employed.  I  strongly  recommend  to  the 
scientific  world,  and  especially  to  histological  and  morphological 
investigators,  the  use  of  an  aqueous  solution  of  chloretone  for  a 
thorough  investigation  as  a  substitute  for  alcohol  as  a  preser\'ative, 
and  as  a  killing  and  fixing  agent. 
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(Reprinted    from    the   Journal   of    the    American    Veterinary   Medical   Association,    Vol. 
LVI.   N,    S.   Vol.   9.   No.   4.   January.    1920.) 

STUDIES  ON  ANTHELMINTICS. 

VII.      A   Comparison   of  Castor   Oil    and   Other   Purgatives    in   Connection 
With    the    Administration    of    Some    Anthelmintics. 

Bv  Maukici-:  C.  Hall,  Ph.  D.,  D.  \'.  M.,^  and  :\Ilyer  Wigdor, 

M.  A. 

(Medical    Research    Laboratories,    Parke,    Davis   &    Company,    Detroit,    Mich.) 

The  question  as  to  the  best  purgative  for  use  in  connection  with 
the  administration  of  oil  of  chenopodium  is  an  unsettled  one,  but 
the  two  drugs  most  used  are  castor  oil  and  magnesium  sulphate  or 
Epsom  salts. 

The  Third  Annual  Report  of  the  Rockefeller  Foundation,  dated 
January',  191T,  says  (p.  191),  in  regard  to  hookworm  work  in 
Trinidad :  "It  was  necessary  to  use  magnesium  sulphate  instead 
of  castor  oil,  because  in  Trinidad  there  is  an  exceedingly  strong 
l(jcal  prejudice  against  the  latter,  and  it  is  practically  impossible 
to  induce  persons  of  the  lower  class  to  take  it."  Darling,  Barber, 
and  Hacker  (1913)  state:  "We  divided  the  squads  of  men  into 
halves.  Those  on  one  side  of  the  ward  were  given  magnesium 
sulphate ;  those  on  the  other  side  were  given  castor  oil.  The 
castor  oil  squad  always  showed  the  greater  number  of  cases  of 
dizziness  and  deafness ;  most  of  the  cases  of  inability  to  rise  and 
walk  occurred  in  this  group.  The  urine  of  patients  taking  castor 
oil  contained  much  heavier  precipitates  when  tested  for  oleoresin 
than  those  that  had  taken  magnesium  sulphate.  Dizziness  and 
muscular  incoordination  were  less  with  magnesium  sulphate  than 
with  castor  oil.  compound  mixture  of  senna,  or  calomel."  [In  this 
connection,  it  is  worth  noting  that  Dr.  David  E.  Buckingham,  of 
Washington.  D.  C,  has  called  the  attention  of  one  of  us  (Hall)  to 
cases  in  his  practice  where  deafness  in  dogs  has  followed  the  use 
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of  clienojUHliuni  with  a  delay  of  3  2  hours  or  so  in  administering 
castor  oil.] 

On  the  other  hand,  the  Third  Annual  l\cport  of  the  Rockefeller 
Foundation,  quoted  above,  notes  (p.  193)  the  following  case:  "The 
most  serious  mishap  was  collapse  in  a  child  of  three,  on  whom  the 
second  dose  of  magnesium  sulphate  had  no  effect.  She  recovered 
after  a  dose  of  castor  oil."  Heiser  (1917)  reports  the  death  of  2 
children  in  Ceylon,  where  magnesium  sulphate  was  used,  and  in 
comparing  the  results  here  with  results  in  Sumatra,  where  there 
were  no  deaths  in  300,000  treatments  wnth  chenopodium,  he  notes 
these  differences  in  mode  of  administration:  In  Sumatra  there 
were  no  dietary  restrictions,  no  preliminary  purgation,  castor  oil 
was  used  instead  of  magnesium  sulphate,  and  the  chenopodium  was 
given  in  hard  capsules.  By  way  of  comment,  we  may  say  that 
lack  of  dietary  restrictions  probably  adds  to  a  patient's  safety,  as 
a  rule,  but  also  commonlv  diminishes  the  anthelmintic  efficacy; 
preliminary  purgation  has  been  abandoned  by  us  as  a  routine  pro- 
cedure, as  it  seems  to  be  unnecessary ;  of  the  2  deaths  cited  by 
Heiser,  1  was  a  case  where  soft  capsules  were  used,  and  1  a  case 
where  no  capsules  of  any  sort  were  used ;  and  the  use  of  magne- 
sium sulphate  in  the  cases  which  died  is  apparently  the  only  differ- 
ence of  importance.  At  that,  there  is  the  possibility  of  idiosyn- 
cratic intolerance  to  chenopodium  or  the  presence  of  contraindica- 
tions to  the  use  of  chenopodium  in  the  cases  where  deaths  occurred. 

Fixed  oils  have  been  found  of  value  in  preventing  chenopodium 
poisoning  by  Salant  and  Nelson  (1915).  Hall  and  Foster  (1917, 
1918)  had  excellent  results  with  castor  oil.  In  our  experience — 
and  we  have  here  the  data  on  220  dogs  which  have  been  treated 
with  chenopodium — the  simultaneous  administration  of  an  ounce 
or  two  of  castor  oil  with  chenopodium  gives  very  excellent  results 
— good  purgation  and  a  high  degree  of  protection  against  the  gas- 
tro-intestinal  irritation  and  the  toxic  effects.  Some  experiments  in- 
dicating the  protective  action  of  castor  oil  in  cases  where  double 
the  minimum  lethal  dose  had  been  given  were  published  by  Hall 
(1918)  in  Hall  and  Hamilton's  (1918)  paper  on  constituents  of 
chenopodium.  Those  experiments  showed  the  following  results 
where  4  dogs  were  given  1.0  m.  p.  k.  (mil  per  kilo)  of  chenopodium 
or  a  distillation  product  of  chenopodium :  One  dog  was  given  15 
mils  of  castor  oil  before  treatment.  15  mils  more  with  a  cheno- 
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podium  constituent,  and  3U  mils  after  the  chenopodium,  and  was 
killed  the  sixth  day  after  treatment.  That  the  castor  oil  is  protec- 
tive, and  not  merely  purgative,  is  shown  by  the  fact  that  this  dog 
passed  no  feces  the  first  day  after  its  treatment  with  double  the 
lethal  dose.  A  second  dog  was  given  chenopodium  with  the  same 
amounts  of  castor  oil  in  the  same  way,  and  was  killed  the  .sixth 
day  after  treatment.  The  protective  action  of  the  castor  oil  is 
again  shown  here  by  the  fact  that  the  dog  passed  no  feces  the  first 
two  days  after  treatment ;  the  animal  was  then  given  another  dose 
of  30  mils  of  castor  oil.  The  other  2  dogs  received  the  same 
amounts  of  chenopodium  or  chenopodium  constituent  in  50  mils  of 
liquid  petrolatum,  and  died  the  day  after  treatment,  or  the  follow- 
ing day.  A  number  of  experiments  show  that  liquid  petrolatum 
diminishes  the  anthelmintic  efficacy  of  oil  of  chenopodium  and 
furnishes  inadequate  protection  against  toxic  effects. 

The  protective  action  of  castor  oil  against  the  toxic  effects  of 
oleoresin  of  male-fern  have  been  pointed  out  in  another  paper  by 
Hall  (1918).  Of  5  dogs  receiving  20  mils  of  oleoresin  of  male- 
fern,  a  lethal  dose,  1  dog  received  no  purgative  and  died  the  sixth 
night  after  treatment ;  2  received  60  mils  of  castor  oil  and  were 
killed  the  sixth  and  eighth  days  after  treatment ;  1  received  30 
mils  of  castor  oil  and  was  killed  the  eighth  day  after  treatment ; 
1  received  6  grains  of  calomel  and  was  killed  the  ninth  day  after 
treatment.  To  these  records  we  may  add  the  case  of  dog  No.  180, 
a  bulldog  weighing  9  kilos,  which  received  20  mils  of  oleoresin  of 
male-fern  and  6  grains  of  calomel,  and  was  killed  8  days  after- 
ward. The  dogs  that  were  killed  had  recovered  from  the  treat- 
ment and  were  in  good  physical  condition.  These  experiments 
show  that  one  essential  in  the  administration  of  male-fern  is  pur- 
gation. So  far  from  castor  oil  increasing  the  absorption  of  male- 
fern  and  making  it  more  dangerous,  it  will  save  animals  that  have 
been  given  a  lethal  dose,  as  will  calomel. 

In  the  same  paper,  Hall  (1918)  notes  that  a  little  more  than 
the  lethal  dose  of  0.5  m.  p.  k.  of  chenopodium,  administered  to 
a  dog  with  an  accompanying  100  mils  of  olive  oil,  and  followed 
by  50  mils  more  2^^  hours  later,  resulted  fatally  in  less  than  24 
hours.  A  number  of  other  experiments  with  sub-lethal  doses 
show  that  olive  oil  administered  with  oil  of  chenopodium  affords 
little  protection  from  toxic  effects,  hastens  gastric  absorption,  and 
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delays  the  passage  oi  the  ch"ug  from  the  stuinaeh,  with  the  resultant 
production  of  severe  gastric  lesions. 

In  the  following  experiments  each  of  4  dogs  was  given  a  lethal 
dose  of  O.G  m.  ]■>.  k.  of  oil  of  chenopodium.  One  hour  later  2  dogs 
were  each  given  GO  mils  of  castor  oil  and  2  dogs  were  each  given 
15  grams  of  magnesium  sulphate.    The  results  were  as  follows : 

Dog  No.  287,  a  hound  weighing  9.5  kilos,  showed  chenopodium 
poisoning  about  15  minutes  after  treatment.  The  chenopodium 
was  given  in  hard  gelatin  capsules.  Dog  staggered  and  slobbered 
profusely,  \\ithin  a  half-hour  the  animal  had  vomited  and  was 
lying  down  in  its  cage  with  feet  outstretched.  An  hour  after  treat- 
ment an  attempt  was  made  to  administer  the  magnesium  sulphate, 
but  the  animal  was  in  no  condition  to  swallow  properly  and  a  con- 
siderable part  of  the  salts  never  reached  the  stomach.  The  dog 
was  found  dead  the  next  morning.  This  cannot  be  regarded  as  a 
test  of  magnesium  sulphate,  as  conditions  were  unfavorable.  The 
dog  was  a  poor  subject  for  treatment;  the  temperature  was  102° 
F.  before  treatment,  and  the  conjunctiva  was  inflamed,  indicating 
distemper,  and  this  was  confirmed  jjy  post-mortem  examination. 
Anthelmintics  are  contraindicated  in  distemper  and  other  febrile 
conditions,  even  when  given  in  therapeutic  doses. 

Dog  No.  282,  a  spaniel  weighing  11  kilos,  was  given  the  cheno- 
podium in  hard  gelatin  capsules.  The  dog  showed  no  immediate 
effects,  but  in  a  half -hour  it  was  staggering  and  slobbering.  An 
hour  after  treatment  it  was  lying  down,  unable  to  keep  on  its  feet. 
It  received  the  castor  oil,  and  again  lay  down,  setting  its  teeth  in 
the  wires  of  its  cage.  The  next  morning  the  dog  was  found  dead ; 
60  mils  of  castor  oil  could  not  save  this  animal  1  hour  after  the 
administration  of  O.G  m.  p.  k.  of  chenopodium. 

Dog  No.  284,  a  bull  terrier  weighing  9  kilos,  was  given  the 
chenopodium  without  the  use  of  capsules  and  lost  over  half  of  it. 
About  a  half-hour  after  dosing  the  dog  vomited.  At  this  time  the 
dog  was  standing  up  and  yelping  noisily.  An  hour  after  dosing, 
the  dog  was  staggering,  and  the  magnesium  sulphate  was  given  at 
this  time.  The  next  morning  the  dog  was  lying  on  its  side  trem- 
bling. At  1  :00  p.  m.  the  dog  was  apparently  unconscious,  barking 
at  intervals  and  moving  the  legs  automatically  and  rather  rapidly; 
temperature  !)G.3°  F.  At  2  :00  p.  m.  the  bark  had  changed  to  a 
whine.    At  2  :35  the  dog  was  lying  on  its  side,  moving  the  legs  in  a 
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swimming  stroke,  and  stopping  and  whining  at  intervals ;  tempera- 
ture 97.4°  F.  The  second  day  after  treatment  the  dog  was  lying 
in  its  cage  unconscious,  kicking  very  feebly  and  breathing  very 
slowly.  Temperature,  !)4  at  8  :00  a.  m. ;  94.2  at  3 1  :00  a.  m. ;  94 
at  4:00  p.  m.  The  dog  was  not  seen  the  next  day  (Sunday),  but 
was  found  dead  the  following  day.  The  magnesium  sulphate 
could  not  save  this  animal  one  hour  after  a  dose  of  0.0  m.  p.  k. 
of  oil  of  chenopodiinn.  The  dog  was  a  young  and  active  subject, 
but  the  eyes  contained  ])urulent  matter  before  treatment,  and  the 
lungs  showed  a  purulent  bronchitis  on  post-mortem;  the  tempera- 
ture before  treatment  was  only  100.4°  F..  however. 

Dog  No.  286,  a  terrier  weighing  8.5  kilos,  was  in  good  physical 
condition  an  hour  after  the  chenopodium  treatment ;  it  had  vomited 
and  was  trembling,  but  was  still  active.  Gave  castor  oil.  Tem- 
perature 101°  before  treatment.  The  next  morning  the  dog  was 
sitting  down  and  seemed  drowsy ;  in  the  afternoon  the  dog  was 
standing,  not  trembling,  and  the  temperature  was  still  101°.  The 
following  day  the  dog  was  standing  up,  but  trembling,  and  had  not 
yet  eaten.  The  dog  was  not  seen  the  third  day  after  treatment 
(Sunday),  but  on  the  fourth  day  the  dog  had  eaten  and  was  in 
good  condition.  The  dog  was  killed  18  days  after  treatment.  The 
digestive  tract  was  normal.  The  castor  oil  saved  the  life  of  this 
dog.  Possibly  the  absorption  of  chenopodium  was  slow  for  some 
reason,  as  it  seemed  to  be,  so  that  the  castor  oil  was  in  ample  time 
to  exert  its  protective  action. 

Unfortunately  the  above  experiments  do  not  give  definite 
results  on  which  to  make  a  choice  between  castor  oil  and  magne- 
sium sulphate,  and  it  is  possible  that  no  choice  need  be  made. 
However,  the  experiments  show  that  even  after  the  lapse  of  an 
hour,  following  the  ingestion  of  0.6  m.  p.  k.  of  oil  of  chenopodium, 
which  is  more  than  the  m.  1.  d.,  60  mils  of  castor  oil  will  save  a 
dog's  life  at  times  and  will  fail  to  save  it  at  times.  No  conclusions 
may  be  drawn  from  the  exi>eriment  with  dog  No.  287 ;  it  confirms 
the  conclusion  that  anthelmintics  should  not  be  given  to  animals 
with  distemper.  Dog  No.  284  got  less  than  a  lethal  dose  of  cheno- 
podium, received  the  magnesium  sulphate,  and  died,  probably  on 
the  third  day,  but  this  dog  was  not  in  the  best  physical  condition. 
The  experiments,  then,  throw  no  light  on  the  protective  value  of 
magnesium  sulphate,  but  do  confirm  the  value  put  on  castor  oil 
for  use  with  chenopodium. 
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SUMMARY. 

Experiments  published  in  this  paper  and  elsewhere  show  :  That 
castor  oil  is  highly  satisfactory  as  a  purgative  after  oil  of  cheno- 
podiuni.  not  only  by  virtue  of  its  purgative  properties,  but  by 
virtue  of  a  protective  action  aside  from  this.  It  will  save  the  lives 
of  animals  receiving  lethal  doses  of  oil  of  chenopodium,  when  ad- 
ministered with  the  drug  or  an  hour  later,  and  will  save  animals 
given  lethal  doses  of  oleoresin  of  male-fern  when  given  with  the 
drug.  Calomel  will  also  save  animals  when  given  with  lethal  doses 
of  male-fern.  Liquid  petrolatum  affords  but  little  protection 
against  lethal  doses  of  chenopodium  and  diminishes  the  anthel- 
mintic efficacy.  Olive  oil  retards  the  passage  of  chenopodium  from 
the  stomach  and  increases  gastric  absorption ;  it  does  not  protect 
against  lethal  doses.  Some  medical  men  prefer  magnesium  sul- 
phate to  castor  oil ;  our  data  on  this  point  are  inadequate.  Mag- 
nesitim  sulphate  is  not  well  suited  to  dog  practice. 
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PURIFIED  CRESOL  (CRESYLIC  ACID). 

By  Herbkrt  C.  Hamilton. 

(Medical    Research    Laboratories,    Parke,    Davis   &   Company,    Detroit,    Mich.) 

One  of  the  minor  problems  arising  from  the  war  because  of 
interference  with  importations  from  Europe  was  that  of  obtain- 
ing a  substitute  or  equivalent  for  trikresol,  a  proprietary  article 
imported  from  Germany  and  extensively  used  as  a  preservative 
and  disinfectant.  As  has  been  shown  to  be  true  in  many  other 
instances,  it  is  equally  true  in  this  case  that  there  is  no  lack  in 
America  either  of  crude  material  or  of  ability  to  purify  it.  There 
was  required  only  the  incentive. 

Trikresol  is  so  named  because  it  is  a  mixture  of  the  three 
isomeric  cresols  naturally  occurring  in  coal  tar.  These  three 
cresols  are  identical  in  composition,  but  have  different  physical 
and  bactericidal  properties.  These  differences,  however,  are  un- 
important and  nothing  of  practical  value  results  from  their  sep- 
aration. 

Trikresol,  while  useful  as  a  general  antiseptic  and  germicide, 
with  a  phenol  coefficient  of  2^/2  to  3,  found  its  most  extensive 
application  as  a  preservative  for  serums,  vaccines,  and  similar 
biologic  substances.  Careful  research  has  proved  that  for  this 
purpose,  with  one  exception,*  no  other  antiseptic  has  been  found 
entirely  suitable,  either  because  of  its  efficiency  or  the  toxic  or 
irritating  action  when  absorbed  from  a  hypodermic  injection. 

The  cresols  have  practically  the  same  toxicity  as  pure  phenol, 
as  shown  in  the  accompanying  table,  but  the  corrosive  action  is 
so  low  and  the  germicidal  value  so  high  in  comparison,  that  the 
use  of  phenol  as  a  germicide  is  no  longer  logical.  To  illustrate : 
cresol  with  a  coefficient  of  3,  when  diluted  1  to  60,  is  equal  in 
every  respect  to  a  5  per  cent  solution  of  phenol,  while  the  toxicity 
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of  the  solution  is  (,)nly  one-third  as  great  hecause  of  the  degree  of 
dilution,  and  tlie  corrosive  action,  while  not  mcasin'al)le  with  ac- 
cin"acy,  is  less  than  one-third  as  great. 

Supert'icially  trikresol  is  identical  with  the  cresols  of  coal  tar, 
since  an  average  sample  of  the  latter  contains  not  over  5  per 
cent  of  constituents  other  than  the  cresols.  But  it  was  very 
promptly  observed  that  cresol,  as  it  appears  on  the  market  imder 
various  names,  is  inapplicable  for  use  as  a  serum  preservative 
because  of  three  specific  reasons,  all  of  which  are  inter-related, 
namely : 

1 — Incomplete  solubility 
2 — Disagreeable  odor 
3— Color 

Incomplete  solubility  is  due  to  the  presence  of  one  or  more  of 
three  substances,  naphthalene,  colored  compounds  formed  appar- 
ently at  the  expense  of  the  cresols,  and  phenols  of  higher  boiling 
point  and  less  solubility  than  the  cresols. 

The  disagreeable  odor  is  largely  due  to  pyridine  and  partly  to 
the  naphthalene,  which  have  been  incompletely  separated  in  pre- 
paring the  crude  phenol. 

The  origin  of  the  color  which  appears  in  cresol  and  phenol 
is  more  or  less  uncertain.  It  is  probably  not  always  due  to  the 
same  cause,  but  may  in  some  cases  be  due  to  impurities  in  the 
cresol,  and  in  others  to  incidental  conditions,  such  as  the  effect 
of  light  or  air  or  the  action  of  alkali  from  the  glass  container. 

It  is  said  that  the  germicidal  value  of  a  highly  colored  lot  is 
greater  than  that  of  a  clear  straw-colored  sample.  This,  how- 
ever, is  probably  a  hastily  drawn  conclusion  from  insufficient 
evidence,  since  different  lots  of  the  same  color  are  found  to  diflfer 
much  more  than  a  water-white  and  a  colored  sample  from  the 
same  lot.  Redistillation  corrects  the  color  and  can  improve  the 
solubility  and  odor,  but  not  to  a  sufficient  extent. 

The  development  of  colcjr  appears  to  ])e  a  proi)erty  not  only 
of  cresols  but  also  of  pure  phenol,  and  no  method  has  been  devised 
by  which  such  a  change  can  be  entirely  prevented.  The  coloring 
matter  appears  to  be  a  new  constituent  and  to  have  properties 
entirely  different  from  those  of  the  original  cresols.  It  remains 
behind  on  redistillation,  but  further  quantities  form  so  that  only 
the  freshlv  distilled  material  is  entirelv  colorless. 
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Gibbs^  ascribes  tbc  development  of  color  Ijy  the  action  of  sun- 
light to  a  labile  hydrogen  atom  and  describes  ex])eriments  with 
the  three  cresols  in  which  coloration  occurred  in  varying  times 
with  the  different  ones,  but  all  were  affected  in  the  same  way. 

This,  however,  does  not  ex])lain  the  immediate  cause  of  this 
coloration.  A  sami)le  of  a  freshly  redistilled  lot  was  set  in  the 
sunlight  and  ain)ther  was  kept  in  an  amber  bottle  in  the  dark. 
The  lirst.  after  three  months,  was  very  slightly  tinged  with  pink, 
the  other  was  decidedly  reddened.  This  is  not  an  isolated  case 
but  was  a  careful  demonstration  (jf  what  frequently  occurs  in 
practice  with  large  lots.  Sufficient  observations  have  not  been 
made  to  arrive  at  a  theory  as  to  the  cause  or  causes  of  the  change, 
and  no  method  has  consistently  prevented  its  recurrence. 

The  disagreeable  odor  is  due  to  ])yridine  and  na])hthalene 
which  one  would  naturally  think  were  eliminated  in  the  process 
of  separating  the  cresols  from  the  creosote  oil.  In  this  process 
the  acid  constituents  of  the  oil  are  combined  with  an  alkali  such 
as  caustic  soda  or  lime,  and  in  this  form  should  be  readily  sep- 
arated from  the  neutral  and  basic  substances.  In  fact  only  a  very 
small  percentage  of  these  bodies  remain  with  the  cresols  and  are 
dissolved  with  it  when  its  alkaline  combination  is  broken  up,  as  it 
is  in  practice,  with  carbonic  or  sulfuric  acid.  The  odor  of  crude 
carbolic  acid  is  not  distinctly  like  either  impurity,  since  the  natural 
odor  of  the  cresols  masks  the  others  until  they  are  unrecognizable. 
Distillation  carries  these  impurities  over  and  little  improvement 
can  be  accomplished  by  this  step  as  the  sole  purifying  process. 

Nevin  and  Mann-  dej^ended  on  separation  by  redistillation  to 
obtain  the  proper  fraction,  but  this,  as  noted  above,  while  remov- 
ing the  colored  and  some  of  the  insoluble  impurities,  fails  to  re- 
move pyridine  and  naphthalene,  which  are  responsible  for  the 
odor.  \\'hile  tliis  odor  is  perhaps  negligible,  it  is  easy  to  detect 
the  difference  between  two  lots  of  cresol,  one  purified  to  remove 
the  odorous  impurities,  as  will  be  described  later,  and  the  other 
purified  by  redistillation  only. 

In  my  experiments  an  attempt  was  made  to  study  the  sodium 
cresylate  compound  when  prepared  in  molecular  proportions.  In 
concentrated  solution  no  observable  separation  takes  place  to  in- 
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dicate  that  purification  by  this  means  is  feasible,  but  on  further 
dilution  the  naphthalene  crystallizes  out  in  a  well-recognized  form 
and  often  in  considerable  quantities.  This  can  be  filtered  out, 
but  on  again  recovering  the  cresols  no  material  improvement  in 
odor  results,  because  the  naphthalene  is  the  less  objectionable  of 
the  two. 

]\Iv  next  ex])eriments  were  carried  out  having  in  mind  the 
examination  of  sodium  cresylate  in  solid  form  to  see  if  impur- 
ities could  be  detected,  identified  and  removed  by  tests  applied  to 
the  dried  or  crystallized  material. 

In  the  process  of  evaporating  the  solution  it  was  observed  that 
the  vapors  smelled  distinctly  of  pyridine,  and  further,  that  after 
a  certain  time  no  odor  of  this  character  could  be  detected.  Carry- 
ing this  experiment  to  its  conclusion  and  recovering  the  cresols, 
they  were  found  to  be  practically  free  from  the  objectionable  odor 
of  the  crude  cresols,  and  on  redistillation  a  water-white  soluble 
product  was  oljtained  with  no  odor  Init  that  of  the  pure  cresols. 

The  practical  working  out  of  this  process  is  as  follows :  Dis- 
solve the  crude  cresol  in  a  solution  of  caustic  soda  molecularly 
equivalent,  using  sufficient  water  to  dilute  the  sodium  cresylate  to 
a  25  per  cent  solution.  Then  boil  or  drive  live  steam  through 
the  solution  until  the  odorous  impurities  have  passed  ofi  with  the 
steam.  If  the  solution  is  boiled  over  an  open  flame,  care  is  neces- 
sary to  avoid  concentrating  the  solution  too  much  as  the  cresy- 
late breaks  up  and  free  cresol  is  volatilized  and  may  take  fire.  It 
is  important  to  add  water  to  replace  that  lost  by  evaporation. 

The  time  necessary  to  vaporize  the  impurities  varies  with  the 
amount  present,  and  can  be  determined  by  smeUing.  "The  nose 
knows''  when  the  pyridine  is  gone.  The  solution  should  be 
allowed  to  become  cold  and  then  observed  to  see  if  naphthalene 
or  other  neutral  oils  are  present.  Any  floating  oil  can  be  skim- 
med off,  while  the  naphthalene,  if  any  remains  unvolatilized.  can 
be  removed  by  filtration  or  centrifuging. 

Treatment  with  sulfuric  acid  equivalent  to  the  alkali  originally 
used  will  break  up  the  cresylate  and  set  free  cresol,  which  can  be 
recovered  as  a  supernatant  layer  over  the  sodium  sulfate  solution. 
Separation  should  be  very  com|)lete,  as  the  water  otherwise  pres- 
ent causes  trouble  in  distilling. 

The  removal  of  these  two  impurities,  which  rarely  amount  to 
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more  than  5  per  cent  of  the  cresols,  is  therefore  equivalent  to  a 
complete  purification  of  the  suhstance,  since  the  color  is  auto- 
matically removed  l)v  redistillation,  and  a  careful  ohservation  of 
the  temperature  of  distillation  at  the  end  of  this  step  insures  the 
removal  of  the  higher  hoiling  phenols,  which  are  less  soluhle  than 
the  cresols  and  mav  for  that  reason  he  considered  as  ini])urities. 

Toxicity  Assay. 

Sample  Purified  cresols 

Animal    Guinea-pigs 

Method   Subcutaneously 

Cresol. 

Wt.  of  Animal.  Dose  per  Kilo.                      Result. 

0.572  0.6  Recovered 

0.611  0.6  Recovered 

0.557  0.7  Died 

0.640  0.7  Died 

0.572  0.8  Died 

Phenol. 

0.437  0.5  Recovered 

0.480  0.5  Recovered 

0.446  0.6  Died 

0.480  0.6  Died 

0.570  0.6  Died 

0.340  0.7  Died 

Toxicity  about  90  per  cent  of  that  of  phenol :  Worth  Hale,  Hyg.  Lab., 
BuUctin  88;'  James  Leake  and  Hugh  B.  Corbin,  Hygienic  Laboratory,  5m/- 
Ictin  110. 

Germicidal  Ass.\y. 

Sample  ....  Purified  cresols 

Method A.  P.  H.  A.  phenol  coefficient  method* 

Organism. .  .5.   typhosus 

Dilutions  Time  and  Results 

Sample  5  10  15  20  minutes 

1-300  _  _  —  — 

1-350  _  _  _  — 

1-400  +  —  —  — 

1-450  -f  +  —  — 

1-500  +  +  +  + 

Phenol 

1-100  —              —              —  — 

1-110  _!-__  — 

1-120  +                +                —  — 

1-130  +                  +                  +  + 

1-140  -f                  +                  +  + 

Coefficient  3.6 

•Committee   Report,  Am.  J.   Pub.   Health,   8    (1918),    50G. 
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The  cost  of  the  ])rocess  is  inconsiderable,  since  no  compHcated 
chemical  or  mechanical  steps  are  necessary.  It  is  evident  from 
observation  tif  the  steps  in  the  process  that  no  nnusnal  equipment 
is  needed  and  only  the  commonest  chemicals  are  employed.  It  is 
evident,  therefore,  that  here  again  the  German  chemists  profited 
at  our  expense  for  manv  years  while  the  crude  materials  waited 
onlv  for  ])roper  development. 

The  U)gical  place  for  the  economical  production  of  the  refined 
cresols  is  where  the  crude  material  is  first  separated  from  the  oils 
distilled  ivum  coal  tar.  These  crude  phenols,  necessarily  dissolved 
in  alkali  to  separate  them  from  the  neutral  oils,  can,  at  that  point, 
by  suitable  means,  be  freed  completely  from  their  impurities,  and 
after  fractional  removal  of  the  phenol  proper,  the  cresols  could 
then  be  recovered  in  pure  form  with  one  operation. 

The  production  of  purified  cresols  is,  therefore,  a  logical  open- 
ing for  American  enterprise,  as  well  as  American  resources,  for 
here,  as  in  Europe,  are  immense  supplies  of  coal  tar  on  which  to 
draw  for  crude  materials. 


Studies  from   the  Medical   Research   Laboratories, 

Parke,  Davis   &  Co. 

Reprint   No.   240,    1919. 

(Reprinted  from  tlic  Bulletin  of  Pharmacy,  November,  1919.) 

THE  IDENTITY  OF  COMMERCIAL  BLUE  FLAG. 

Bv  Olivkr  Atkixs  Farwell. 

(Department  of  Botany,   Parke,  Davis  &  Co.,   Detroit.) 

The  great  bulk  of  commercial  blue  flag  rhizome  presents, 
when  fractured,  a  cortex  that  has  a  purplish-brown  color.  Dur- 
ing the  past  two  or  three  years,  an  occasional  lot  has  passed  under 
my  observation  which  showed,  when  the  rhizome  was  fractured, 
either  a  very  pale  purplish-brown  or  pink  to  yellowish-white  cor- 
tex. No  other  difference  was  observed,  except  that  the  rhizomes 
appeared  to  average  somewhat  smaller. 

Steps  were  taken  to  have  flowering  plants  with  rhizomes  at- 
tached collected  and  sent  to  me  for  identification.  This  was  ac- 
complished in  the  case  of  the  pinkish  rhizome  during  the  summer 
of  1919.  It  proved  to  be  Iris  versicolor  Linne.  On  those  plants 
with  white  rhizomes  the  flowers  were  too  far  gone  to  determine 
whether  they  were  typical  Iris  versicolor  Linne  or  the  variety 
Virginica  (Linne)  Baker.  I  have  therefore  failed,  for  the  time 
being  at  least,  to  correlate  the  variations  in  the  floral  characters 
with  the  variations  in  the  color  of  the  rhizomes. 

Receipt  of  entire  plants  showing  the  ordinary  purple-brown 
rhizomes  immediately  confirmed  the  opinion  previously  held  that 
it  was  specifically  distinct  from  the  plant  producing  the  lighter- 
colored  and  smaller  rhizomes.  These  purple-brown  plants,  how- 
ever, had  neither  flowers  nor  fruits,  but  a  guess  was  made  that 
they  might  prove  to  be  Iris  caroliniana  Watson.  Later  entire 
plants  with  fruits  were  received  and  our  guess  was  proved  a 
certainty. 

In  so  far  as  my  experience  goes  the  blue  flag  of  commerce, 
during  the  past  quarter  century,  has  been  chiefly  if  not  wholly  the 
rhizomes  of  Iris  caroliniana  Watson.  The  rhizomes  in  both  Iris 
versicolor  and  Iris  caroliniana  branch  in  the  same  manner,  from 
the  terminal  point  of  the  season's  growth,  at  which  point  they  are 
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much  enlarged.  Tliose  of  /;/.s'  versicolor  will  average  up  some- 
what smaller  in  size  than  those  of  Iris  caroliniana,  which  are  often 
3  centimeters  wide  at  the  enlarged  joints.  The  proportion  of  cor- 
tex is  about  the  same  in  both,  one-fourth  the  diaiueter  of  the 
rhizome. 

Microscopically,  in  transverse  section,  the  only  difiference 
noticeable  was  in  the  size  of  the  cells,  those  of  Iris  versicolor  be- 
ing generally  smaller  than  those  of  Iris  caroliniana ;  the  parenchy- 
ma cells  in  the  latter  ranged  from  .04  to  .13  of  a  millimeter,  while 
those  of  the  former  were  from  one-half  to  two-thirds  as  large. 
The  endodermal  cells  of  Iris  caroliniana  varied  in  otitline  from 
oval  to  circular  and  from  .018  to  .067  millimeter  in  horizontal 
diameter  by  .018  to  .035  millimeter  vertically,  with  comparatively 
thin  walls  of  about  .0015  millimeter.  Those  of  the  other  were 
smaller  and  had  thicker  walls  and  generally  were  more  round  in 
outline. 

Under  these  circumstances  it  seems  to  be  in  order  now  to 
amend  the  definition  of  Iris  versicolor  of  the  National  Formu- 
lar}^  to  admit  the  use  of  Iris  caroliniana  Watson,  as  well  as  the 
common  blue  flae.  Iris  versicolor. 


Studies  from  the  Medical  Research  Laboratories, 

Parke,  Davis  &  Co. 

Reprint   No.   241,    1920. 

(Reprinted    from    the   Journal   of   the   American    Pharmaceutical  Associatioyi,    Vol.    IX, 
Xo.  2,  February,  1920.) 

THE  STANDARDIZATION  OF  BLOOD  COAGULANTS.- 

Bv  Herbkkt  C.  Hamilton. 

Heinorrhage,  whether  (hie  to  an  abnormal  conchtion  of  the 
blood  or  to  lacerated  tissues  intentional  or  otherwise,  has  long 
been  the  subject  of  careful  consideration. 

W'iggers^  found  that  ni  the  ditlerent  stages  of  pulmonary 
hemorrhage  pituitary  extracts,  by  their  action  in  raising  systemic 
arterial  pressure,  while  at  the  same  time  lowering  that  in  the 
pulmonary  circuit,  are  peculiarly  adapted  to  its  control.  This 
agent,  however,  has  no  direct  effect  on  the  rate  of  blood  coagula- 
tion, its  peculiar  effectiveness  being  due  to  its  action  on  the  heart 
and  vessels. 

Adrenalin  is  frequently  used  and  with  very  good  results,  since 
it  acts  to  constrict  the  vessels  locally,  retarding  the  flow  of  blood 
and  permitting  the  formation  of  the  clot.  But  so  far  as  known, 
it  has  no  action  on  the  character  of  the  blood  to  hasten  coagula- 
tion. (  Note :  See  Cannon  and  Gray,  Am.  Jour.  Phys.,  vol.  34, 
p.  232.) 

In  hemorrhage,  while  any  step  which  will  favorably  influence 
coagulation  is  to  be  recommended,  no  procedure  is  equal  to  one 
which  will  shorten  the  coagulation  time  of  the  blood  itself,  promot- 
ing the  formation  of  the  clot  at  the  exposed  surface  of  the  ruptured 
vessels  and  thus  more  quickly  sealing  them. 

The  accepted  theory  of  blood  coagulaticm  and  its  remaining 
fluid  in  the  vascular  system  is  that  the  substance  essential  to  the 
formation  of  fibrin  from  fibrinogen  is  thrombin,  which  is  held  in 
the  form  of  prothrombin  by  a  hypothetical  antithrombin  or  anti- 
prothrombin.  Possibly  both  substances  are  present,  the  one  to 
hold  the  prothrombin,  the  other  to  destroy  or  combine  with  any 
thrombin  which  may  be  formed.     It  is  very  difficult  seriously  to 


*Read  before  Scientific  Section,  A.  Ph.  A.,  New  York  meeting,  1919. 
^Wiggers,  Archives  of  Int.  Med.,  1914,  p.   14. 
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disturb  the  equilibrium  which  maintains  intravascular  fluidity. 
When  the  tissues  are  lacerated,  however,  the  shed  blood,  if  of 
normal  character,  will  soon  form  a  clot  and  tend  to  seal  the  wound. 

From  the  edges  of  the  wound  the  tissue  fluids  exude,  and 
from  the  blood  platelets,  which  quickly  disintegrate  when  exposed 
to  the  air,  similar  substances  are  set  free.  These  two  sets  of 
fluids  mix  with  the  blood  and  start  the  process  of  coagulation, 
which  consists  essentially  in  liberating  the  prothrombin  from  its 
antithrombin  binding  and  in  promoting  the  reaction  first  between 
prothrombin,  thrombokinase  and  calcium  ions  by  which  thrombin 
is  produced,  then  between  the  thrombin  and  fibrinogen,  by  which 
fibrin  is  split  off  and  the  clot  formed.  Morawitz-  designated  this 
substance  which  initiates  coagulation  as  thrombokinase. 

The  change  which  has  taken  place  appears  to  be  twofold.  If 
we  consider  coagulation  as  an  abnormal  condition  of  the  blood, 
the  first  departure  from  the  normal  is  the  cessation  of  metabolism 
by  which  the  globulins  are  returned  to  the  blood.  When  cyto- 
globulin,'^  the  anticoagulative  substance — antithrombin — is  no 
longer  poured  into  the  blood,  prothrombin  is  set  free  and  pre- 
dominates. 

W^ith  the  calcium  of  the  blood  and  in  the  presence  of  the  tissue 
fluid  containing  thrombokinase,  which  now  appears  and  constitutes 
the  second  abnormal  condition,  thrombin  is  produced  and  the  clot- 
formation  at  once  proceeds  if  the  normal  blood  has  been  in  proper 
equilibrium.  Some  have  assumed  that  the  office  of  the  throm- 
bokinase is  twofold,  but  proof  has  been  obtained  that  the  latter 
has  no  action  on  the  antithrombin.* 

Antithrombin  seems  to  be  a  product  of  the  liver,  and  its  activ- 
ity or  the  cjuantity  present  in  the  blood  may  be  greatly  increased 
by  the  injection  of  peptone,  which  can  render  the  blood  incoagu- 
lable. 

Thrombokinase,  the  name  originally  given  to  the  tissue  and 
cell  juices  which  initiate  coagulation,  was  believed  by  Wooldridge^' 
to  owe  its  effectiveness  to  the  li])oid  lecithin,  although  he  also 
observed  that  lecithin,  derived  from  the  yolk  of  eggs,  is  inactive 
in  this  respect. 

^Morawitz,  Deutsch  Archiv.  f.  Klin.  Med.,  179,  p.  1. 
^.Schmidt,  "Zur  Blutlehre.,"   Leipzig,  1893. 

■•Lapenta,  V.  A.,  Paper  read  before  Delaware-Blackford  Co.  Medical  Societies  at 
Muncie,    Ind.,   Apr.    4,   1919. 

^Wooldridge,  "'Heitrage  zur  Physiologic,"  1887. 
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Howell'*  and  his  co-workers  established  the  fact  that  the  active 
agent  is  lipoid  cephalin,  which  exists  in  largest  proiwrtion  in  the 
brain  cells,  but  also  occurs  in  most  tissues.  Howt-ll  further  states 
that  cephalin.  however  carefully  prepared,  has  only  a  limited 
period  of  activity  and  may  be  dangerous  for  intravenous  admin- 
istration. Dr.  Hess  stated  that  it  should  never  be  used  intrave- 
nously, although  intravascular  clotting  may  not  be  the  invariable 
consequence. 

The  value  of  thromI)in,  prei)ared  from  fresh  l)lo(jd  serum,  is 
also  limited  since,  unless  treated  to  prevent  change,  it  soon  reverts 
to  the  inactive  metathrombin.  In  any  case  the  action  of  throm- 
bin is  limited  to  the  amount  present  since  the  reaction  between 
thrombin  and  fibrinogen  is  strictly  c^uantitative.     (Rettger.'^) 

Davis^  found  that  intravenous  injection  of  purified  throm- 
bin in  relatively  large  quantities,  instead  of  causing  intravascular 
clotting,  had  the  effect  of  prolonging  the  clotting  time.  There 
appeared  to  be  an  increased  formation  of  antithrombin  to  com- 
pensate for  the  excess  of  thrombin. 

Blood  serum,  containing  fresh  active  thrombin,  or  serum 
treated  to  retain  the  thrombin  in  an  active  form,  when  used  in 
sufficient  quantity  is  an  eiTective  agent  in  shortening  the  coagula- 
tion time  of  hemophilic  blood. 

In  the  case  of  hemophiliacs  there  is  an  abnormal  condition  due 
either  to  an  excessive  amount  of  antithrombin  or  a  deficiency  of 
prothrombin,  or  in  any  particular  case  both  conditions  may  pre- 
vail. It  is  logical,  therefore,  to  keep  in  mind  the  conditions  pos- 
sibly present  and  to  use  a  product  capable  of  meeting  all  the  re- 
quirements. 

From  the  time  of  the  earliest  attempts  to  influence  the  coagula- 
tion time,  fresh  blood  and  blood  serum  have  been  used.  Rut  the 
difficulty  and  danger  in  the  former,  and  the  unreliability  of  the 
latter,  stimulated  research  to  develop  a  more  dependable  coagulant. 

Among  those  resulting  from  various  researches  are  products 
from  blood  platelets,^  from  brain  substance,^*^  from  blood  serum,i'i 
from  tissue  extracts  and  from  a  combination  of  these. ^ - 


'Howell,  "The  Coagulation  of  the  Blood,"  1916-17. 

'Rettger,  Amer.  Jour.  Physiol.,  24,  406,   1909. 

sDavis,   Ibid.,  38,  2.33,  1911. 

^Fonio,   Corresp.-Blatt  f.  Schweis  Acrtc!.,   No.   13-1.5,   1913. 

'"Hess,  Jour.  A.  M.  A.,  191.5,  p.  64. 

"Clowes  and  Busch,  A^   Y.  Med.  Jour.,  97,  16.  1913. 

'-Lapenta  and  Walters,   Therapeutic  Gazette,  34,  24,  191S. 
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Coagulen  is  a  powder  prei)ared  from  blood  platelets  by  frac- 
tional centrifuging  followed  by  careful  desiccation  and  dilution 
with  milk  sugar.  It  is  claimed  to  be  a  preparation  of  lipoid 
material,  one  gramme  of  which  represents  20  grammes  of  dried 
blood.  The  active  agent  of  coagulen  is  a  thromboplastin  which, 
according  to  Howell  and  others,  is  nothing  else  than  cephalin  and 
identical  with  the  extract  of  brain  substance. 

Thromboplastin,  kephalin  and  hemagulen  are  names  ai)plie(l  to 
the  extract  of  brain  tissue.  This  is  obtained  either  by  extracting 
with  Ringer's  solution  an  artificial  blood  plasma,  thus  obtaining 
more  or  less  of  a  suspension,  or  by  extracting  with  an  ether-ace- 
tone-alcohol reagent,  by  which  a  yellow  lipoid  residue  is  obtained. 

Most  of  these  arc  for  local  application  only  or  principally, 
since  there  is  danger  of  intravascular  clotting  if  intravenously 
administered. 

Blood  serum  contains  no  fibrinogen  and  probably  no  ]:)rothrom- 
bin  or  thrombokinase.  It  does  contain  thrombin,  although  in  a 
more  or  less  inactivated  form,  due  to  the  gradual  recombination 
with  antithrombin  and  the  jjroduction  of  a  so-called  metathrombin. 

Coagulose  is  a  purified  product  obtained  by  precipitation  of 
fresh  horse  serum  by  which  an  easily  soluble  ])owder  is  obtained, 
representing  practically  the  active  throml)in.  The  dose  is  10  cc 
of  the  solution. 

Hemostatic  serum  is  a  coagulant  in  lif[uid  form,  of  which  the 
dose  is  only  1  to  2  cc  for  any  form  of  administration.  It  con- 
tains three  distinct  substances,  all  of  which  are  concerned  in  the 
process  of  blood  coagulation:  1st,  prothrombin,  the  form  in  which 
thrombin  exists  in  the  blood ;  2nd,  thrombokinase  or  tissue  ex- 
tract, but  not  derived  from  brain  tissue;  and  3rd,  a  substance 
which  for  lack  of  a  more  specific  name  is  called  anti -antithrombin, 
a  substance  similar  to  antitoxin  in  that  it  neutralizes  the  excess 
of  antithrombin  and  lowers  the  anticoagulative  power  of  the 
blood. 

With  hemostatic  serum,  therefore,  the  surgeon  is  in  a  position 
to  counteract  abnormal  conditions  of  the  blood  whichever  one  is 
responsible  for  the  slow  coagulative  power,  and  at  the  same  time 
to  initiate  the  process  of  coagulation  when  the  prothrombin  con- 
tent has  been  augmented  and  the  antithrombin  rendered  inactive. 

The  statement  has  been  made  that  some  of  the  coagulants  men- 
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tioned  liave  onl_\-  a  limited  period  of  usefulness,  iniless  proper  ])re- 
cautions  have  been  taken  to  remove  or  inactivate  certain  accom- 
])anvini^  substances.  1  low  can  it  be  shown  that  these  ])recautions 
have  been  taken?  Clinical  reports  have  shown  the  effectiveness 
of  freshly  prepared  extracts  of  brain  tissue  or  blood  platelets. 
But  in  the  life-or-death  cases  when  a  l)lood  coai^ulant  is  refjuired 
are  we  to  depend  on  the  fact  that  the  efficiency  of  a  similar  |)rep- 
aration  had  once  been  demonstrated? 

1  have  tested  three  extracts  of  brain  tissue  and  in  only  one 
case  has  any  material  shortening  of  the  coagulation  time  been 
observed.  Only  one  extract  of  blood  ])latelets  was  available  for 
test,  and  in  no  case,  by  any  means  of  testing,  was  it  possible  to 
demonstrate  coagulative  properties. 

It  is  not  possible  by  any  known  method  of  examination  other 
than  one  closely  allied  to  the  physiological  to  determine  whether  a 
coagulant  of  this  character  is  active. 

As  in  other  cases  where  a  valuable  medicinal  agent  is  not 
amenable  to  chemical  standardization,  it  became  necessary  to 
e\olve  a  physiological  test  in  order  to  have  some  de])endal)le 
means  of  measuring  the  hemostatic  value  of  these  agents.  While 
clinical  evidence  is,  in  the  final  analysis,  the  sole  criterion,  clinical 
evidence  is  usually  slow  and  often  unsatisfactory.  As  a  means  of 
laboratory  control  over  the  activity  of  a  product  of  such  vital 
importance  some  more  flexible  method  is  imperatively  demanded. 

For  testing  blood  derivatives,  such  as  normal  horse  serum  and 
coagulose,  a  method  has  been  applied  by  which  the  coagulation 
time  of  horse  plasma  is  measured.  The  test  blood  is  drawn  into 
a  solution  of  sodium  citrate  or  oxalate  and  the  mixture  centri- 
fugalized  to  throw  out  the  corpuscles  to  facilitate  observation. 
Definite  proportions  of  the  coagulant  and  jilasma  are  mixed  and 
the  time  recorded  when  a  firm  clot  is  formed.  A  .standard  is 
selected,  the  maximum  period  during  which  the  plasma  may  re- 
main uncoagulated.  This  test,  as  shown  by  the  chart,  is  very 
satisfactory  as  a  la])oratory  measurement  of  value  where  ap- 
plicable. 

A  similar  test  is  theoretically  applicable  to  all  the  agents  men- 
tioned by  eliminating  the  decalcifying  agent  and  keeping  the  blood 
plasma  fluid  bv  careful  drawing  and  at  low  temperature. 

There  is  no  immediately  apparent  reason  why  it  is  not  appli- 
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cable  t(i  liemostatic  serum,  a  i)r(Kliict  which  combines  the  essential 
elements  of  all  ihc  other  bU)0(l  coagulants,  but  repeated  experi- 
ments have  failed  to  shorten  the  coasi^ulation  time  of  horse  plasma 
under  the  conditions  described.  It  was  necessary,  therefore,  to 
work  out  a  ditterent  method  since  the  clinical  test — the  final  de- 
ciding criterion — is  ordinarily  not  immediately  available.  (Note: 
\\  ith  certain  modifications  it  is  possible  to  a])])lv  this  test. — The 
author.) 

The  logical  method  for  measuring  coagulation  time  is  that  for 
which  the  Bifi-Brooks  coagulometer  was  devised.  A  large  drop  of 
blood,  a  series  of  loops  in  a  platinum  wire,  and  means  for  keeping 
the  1dm  of  blood  in  the  loops  moist  and  warm,  are  all  that  is  re- 
quired for  carrying  out  the  test.  Very  accurate  measurements  can 
be  made  on  blood  from  the  human  subject  and  on  any  one  with  a 
coagulation  time  sufficiently  long  to  permit  measurement  when  the 
time  is  greatly  shortened. 

My  experience  with  the  dogs'  blood,  however,  seemed  to  prove 
that  the  apparatus  is  not  readily  adapted  to  the  test  of  coagulation 
time  after  hemostatic  serum  had  been  administered.  The  fibrin 
film  in  the  loo]>  forms  so  ])r()mptly  that  the  shortened  time  cannot 
be  accurately  measured.  It  is  obscured  by  variations  in  the  be- 
ha\ior  of  tlie  films  of  fibrin  which  do  not  uniformly  retain  the 
web  across  the  loop.  This  limitation  was  sufficient  to  prevent  that 
accuracy  which  is  essential  to  a  ]>roper  reading  of  results. 

The  method  that  was  finally  adopted,  as  a  tentative  measure 
at  least,  seems  not  to  dififer  materially  from  that  used  for  coagu- 
lose,  except  that  the  action  of  the  hemostatic  serum  is  in  znvo  rather 
than  in  vitro.  The  method  in  detail  makes  use  of  an  anesthetized 
dog  to  facilitate  making  intravenous  injections  and  the  fref|uent 
withdrawals  of  blood  for  observation. 

The  dog  is  anesthetized  with  chloretone  ( trichloro-tertiary- 
butyl  alcohol)  by  intraperitoneal  injection.'''  A  femoral  vein  and 
a  carotid  artery  are  opened  and  glass  cannulae  inserted,  for  in- 
jecting the  solution  and  drawing  out  samples  of  blood.  (Note: 
It  is  better  to  plug  the  canula  than  to  clamp  the  artery.  A 
convenient  amount  of  blood,  about  3  cc,  is  drawn  into  a  clean  test- 
tube  and  immediately  placed  in  water  at  40'  C.  At  one-minute 
intervals  it  is  observed  to  note  the  beginning  and  jirogress  of  coag- 


»Rowe,   L.   W^,  Joiirii.   Phaim.  and  Ilxp.    Thirap.,   !),   Ili7,   1010. 
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Illation,  the  amount  of  coagulation  being  roughly  recorded  as — 
(minus)  when  no  evidence  of  hhrin  formation  has  a])i)eared.  1 
(meaning  I  plus)  when  this  is  tir>t  observed,  't  (  A--[  )  and  :5 
(-|-  +  -|-)  as  it  proceeds,  and  4  (+  +  +  +)  when  coagulation  is 
complete  and  the  tube  can  ])e  inverted  without  disturbing  the  clol. 
In  some  cases  a  tough  film  forms  on  the  surface  while  the  volume 
of  l)l(H)d  below  remains  fluid.  This  >houl(l  be  lirokcn  so  that  cor- 
rect observations  can  be  made. 

Before  the  second  and  subsequent  sam])le^  of  l)loo(l  are  drawn, 
the  cannula  nuist  be  carcfull\-  cleaned  to  remove  the  clot  and  all 
adhering  particles,  and  an  amount  of  blood  about  e(jual  to  the 
sample  to  be  used  is  discarded. 

Several  samjiles  are  drawn  and  tested  to  determine  the  n(jrmal 
coagulation  time  before  making  the  injection,  .\fter  injection  of 
hemostatic  serum  the  first  evidence  of  shortened  coagulation  time 
usually  does  not  aj^pear  in  less  than  lo  minutes.  It  nia\-  be  de- 
layed as  long  as  1  hour  before  any  consistent  shortening  of  the 
time  is  observed.  Usually,  however,  it  is  advisable  to  test  a 
sample  of  blood  every  15  minutes.  If  no  effect  from  an  active 
coagulant  is  observed  in  1^  hours,  the  dog  is  ])robal)ly  highly  re- 
sistant to  the  effect  of  a  hemostatic  and  must  be  discarded.  While 
such  a  condition  is  not  easily  explainable,  failure  is  not  an  unusual 
occurrence  in  physiological  testing. 

x-Knother  difftculty  which  occasionally  appears  in  attem]-)ting  to 
carrv  out  tests  by  this  method  is,  that  shortening  in  the  coagula- 
tion tiiue  occurs  with  no  apparent  reason.  This  has  also  been 
observed  bv  Drinker  and  Drinker,'' ■*  but  our  results  differ  from 
their  observations  because  the  hemorrhage  is  not  so  severe  as  is 
shown  in  their  technic. 

The  standard  for  hemostatic  serum  is  a  shortening  of  the 
coagulation  time  to  one-third  or  one- fourth  the  normal  time  for 
that  test  animal.  Clinical  tests  have  repeatedly  verified  the  cor- 
rectness of  the  results  by  this  test  and  seem  to  establish  definitely 
the  fact  that  this  is  a  dependable  means  of  assay.  The  method 
was  suggested  by  some  work  described  by  HowelP '  in  which. 
cephalin  was  injected  intravenously.  The  production  of  thrombin 
was  demonstrated  by  this  method  just  as  definitely  as  when  added 
to  the  blood  outside  the  bodv. 


^Drinker  and  Drinker,  Amer.  Jour,  of  Physiol.,  38,  233,  191.5. 
'Howell,  "The  Harvey  Lectures,"  1916-1917,  p.   296. 
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It  is  ]H)ssil)le  and  even  ])nil)al)k'  lliat  1)\-  using  mixtures  of  pnre 
filirinogen  anil  thn^nTbin.  or  other  comljinations  of  blood  con- 
stituents, tlic  test  will  be  further  simplified  and  thus  eliminate  the 
test  animal  :  experiments  so  far  have  not  ])roved  satisfactory. 

Until  such  work  has  been  successfully  prosecuted,  we  are 
content  to  (lei)end  on  the  physiolo_s^ical  test,  which  seems  in  every 
wav  to  run  ]X'irallel  to  clinical  results. 

PROTOCOLS  OI<^  TESTS. 

In  this  and  all  subsequent  tables  the  first  column  of  figures  refers  to  the 
time  of  observation  of  the  sample  of  blood. 

At  the  head  of  the  columns  that  follow  is  the  actual  time  when  the  sam- 
ple of  blood  is  drawn  or  sample  of  coagulant  is  injected. 

The  figures  below  the  time  are  symbols: 

1.  signifies  beginning  of  fibrin  formation;  2  and  3,  progressive  clotting; 
4,  solid  clot  when  tube  is  inverted. 

Coagulation  Time  Tested  by  Effect  in  Vivo. 

Hemostatic  Serum — Ijt  050879. 

Tested  Aug.  22,  1919. 


nutes 

10:00 

10:10 

10:20 

10:22 

10:51 

11:01 

11:08 

11:11 

11:18 

11:; 

1 







Inj. 

— 

1 

3 

2 

3 

4 

2 





— 

2 

. — 

2 

4 

3 

4 

3 

1 

1 

— 

Cc. 

1 

2 

4 

4 

1 

2 

1 

sample 

1 

3 

5 

2 

2 

2 

2 

4 

6 

2 

3 

2 

3 

7 

3 

3 

3 

4 

8 

3 

3 

3 

9 

4 

4 

4 

Coagulation  time  shortened  from  9  minutes  to  1  minute. 

Sample  A. — From  Blood  Serum. 

Tested  July  22,  1919. 


Minutes 

1:13 

1:57 

1:58 

2:16 

2:35 

3:4 

1 

— 

Inj. 

— 

— 

— 

— 

2 

— 

solution 

— 

1 

1 

3 



. — 

2 

2 

— 

4 

— 

1 

3 

4 

5 

1 

2 

3 

6 

2 

3 

4 

1 

7 

2 

4 

2 

8 
9 

3 
4 

3 
4 

Coagulation  time  shortened  to  one-half  normal. 

Sample  A. — From  Blood  Serum — Coagulation  Test. 

Using  Decalcified  Sheep  Plasma. 

Minutes  Normal 

15 
25 

Coagulation  complete  in  lo  minutes  with  0.4  Cm.  of  Sample  A. 
In  the  serum  tests  the  columns  are  headed  by  the  amount  of   sample 
added  to  plasma. 


.025 

(1.05 

0.1 

0.2 

0.4 

0.6 

1 
1 

1 
1 

1 
1 

2 
2 

4 
4 

4 

4 

421 


SaDipIc  B. — Tests  of  Action  ix  \'ivo. 
Tested  July  23,  1919.— From  Blood  Platelets. 


Minutes 

10:27 

10:33 

10:40 

10:53 

10:-,y 

11:01 

11:11 

11:18 

11:21 

11:38 

1 

1 

1 

1 

Inj. 

1 

1 

1 

Inj. 

1 

1 

2 

2 

1 

2 

2Cc. 

3 

2 

2 

2  Cc. 

2 

2 

3 

3 

2 

3 

sample 

3 

3 

3 

more 

3 

3 

4 

3 

3 

3 

4 

3 

3 

of 

4 

4 

3 

4 

3 

4 

4 

3 

same 

6 

4 

4 

Same  Test  Continued. 


Minute 

1:1 

2        1  :20 

1:31 

1:40 

1  :.')3 

2:17 

3:27 

1 

1 

Inj. 

1 

2 

o 

1 

1 

2 

1 

2  Cc. 

2 

:i 

3 

2 

1 

3 

2 

mure 

3 

4 

3 

3 

2 

4 

3 

of 

4 

4 

4 

3 

5 

4 

.same 

3 

6 

4 

Sample  B.— 

(Second  Test). 

Minutes 

9:.^)S 

10 

:n.") 

10 

■.\:, 

10:21    10:2 

)    10:40 

10:.")3 

11:02 

11:1.) 

11  :39 

11:4G 

1  :] 

1 

— 

— 

1 

—        Inj 

— 

— 

— 

— ■ 

1 

1 

1 

2 

1 

1 

2 

1        4  Cc 

— 

— . 

— • 

— 

2 

2 

1 

3 

1 

1 

o 

1 

1 

1 

1 

1 

3 

2 

2 

4 

2 

0 

3 

■y 

3 

1 

1 

3 

3 

3 

3 

5 

3 

o 

:>, 

3 

4 

2 

2 

3 

3 

4 

3 

6 

7 

3 
4 

3 
4 

4 

4 

3 
4 

3 
4 

4 

4 

3 
4 

Coagulation  time  not  materially   shortened. 

Sample  B. — From  Blood  Platelets. 
Coagulation  tests  using  horse  plasma  in  vitro. 


[inutes 
1 
2 

Normal 

0.05 

0.1 

0.12 

0.15 

3 
4 
5 
6 

— 

— 

1 

— 

1 

7 

— 

— 

1 

1 

8 

1 

1 

1 

1 

9 

1 

1 

1 

1 

10 

1 

1 

2 

2 

11 

1 

1 

3 

2 

12 

2 

2 

4 

2 

2 

13 

3 

3 

3 

3 

14 

4 

?, 

4 

4 

15 

4 

Practically  no  shortening  of  the  coagulation  time  resulted  from  use  of 
this  agent. 

Sample  C. — From  Brain  Tissue. 
Tested  July  23,  1919,  by  action  in  vivo. 


Minutes 
1 
2 
3 
4 
.5 
6 
7 


10:13      10:22      10:31 


10:34 

Inj. 

2  Cc. 

sample 


11:00      11:15     11:29     11:53        1:17 
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Test  continued. 


Minutes 

1:28 

1  :3;? 

T:H^ 

1  :.' 

iO 

1  :.">:. 

2:34 

2:58 

3:12 

4:11 

4:21 

1 

Inj. 

1 

1 

1 

1 

3 

1 

3 

3 

2 

2 

4Cc. 

;; 

:> 

2 

2 

3 

2 

4 

4 

3 

3 

sam- 

4 

2 

3 

3 

4 

3 

4 

4 

ple 

4 

4 

4 

4 

The  action  was  both  prompt  and  lasting  when  a  second  injection  of  4 
cc  was  made.  Not  only  did  it  appear  in  .5  minutes  but  the  shortened  coagu- 
lation time  extended  over  a  period  of  '.i  hours. 

The  dog  was  alive  the  next  morning,  although  useless  for  further  exam- 
ination. The  effect  of  the  thromboplastin  was  so  strong  as  to  clot  the  blood 
in  the  artery  making  it  difficult  to  obtain  .samples. 

Shortened  coagulation  time  from  7  minutes   (original)    to  2  minutes. 


Sa>iiplr  C. — From  Hrain  Tissue. 
Coagulation  test  using  horse  serum. 


Minutes 
1 

Normal 

o.or. 

0.1 

0.15 

0.2 

2 
3 

4 

— 

1 

1 

— 

1 

5 

— 

2 

2 

— 

2 

6 

— 

4 

4 

1 

4 

7 

— 

4 

8 

— 

9 

— 

10 

1 

11 

3 

12 

4 

Coagulation  time  shortened  to  (i  minutes. 

Sa)itf^lr  D. — From  Brain  Tissue. 
Material  cmulsitied  with  normal  salt  solution. — Tested  July  23.  1919. 


Minutes 

2:30 

3:30 

3:40 

Inj. 

2  Cc. 

3.41 

3 

:54 

4:05 

4:2 

1 
2 





1 

1 

1 

1 

3 

1 

1 

emul- 

1 

1 

1 

1 

4 

2 

1 

sion 

2 

1 

0 

o 

5 

2 

1 

2 

2 

3 

3 

6 

3 

2 

3 

2 

4 

4 

7 

3 

3 

3 

3 

8 

4 

4 

4 

4 

Minutes 
1 
2 
3 
4 


Sample  I)  (Second  Test). 

Tested  Aug.  11.  1919. 

11:11      11:21      11:3]      11:33 
1111 


):58  10:06  10:50  10:5::!      10:,"; 

—  —  —  Inj.         — 

1  1  1  2  Cc.  1 

2  2  2  2 

2  3  2  2 

3  3  3  3 

3  4  3  4 

4  4 


Coagulation  time  scarcely  affected. 
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Test  ok  Hemostatic  Skrcm — IJ  049606. 
Same  day.     Same  dog. 


tlUtfS 

1:15 

1:26 

1:28 

2:17 

2  :30 

2:45 

2:55 

1 

— 

Inj. 

1 

— 

. — . 

1 

2 

2 

1 

2Cc. 

2 

1 

1 

2 

4 

3 

2 

Hem. 

■.i 

•> 

2 

4 

4 

2 

Serum 

3 

3 

3 

5 

3 

3 

4 

4 

6 

4 

4 

Coagulation  time  shortened  from  6  to  2  minutes. 

Sample  E. — From  Brain  Tissue. 

The  material  was  injected  in  form  of  an  emulsion  with  normal  salt  solu- 
tion.—Tested  Aug.  i),  I'Jiy. 

Minutes  1(1:49  10:.'.fi  ll:l:i  11:2.')  11:40  1:4.')  2:25 

1  —  —  liij.  1  11  — 

2  1  1  5  Cc.  1  2                 2  1 

3  2  2  emulsion  2  3                3  2 

4  2  2  3  4  3  2 

5  3  3  4  4  3 

6  3  3  4 

7  4  4 

Coagulation  time  only   slightly  affected. 

Test  of  Hemostatic  Serum. 
Same  day.     Same  dog. 


Minutes 

2:25 

2:35 

2:37 

3:10 

4:09 

4:15 

1 

— 

Inj. 

1 

1 

2 

2 

2 

1 

2Cc. 

2 

2 

2 

4 

3 

2 

of 

3 

3 

4 

4 

2 

.sample 

3 

4 

5 

3 

4 

G 

4 

Coagulation  time  shortened  from  6  minutes  to  2  minutes  in  lf/3  hours. 

An  Ulu.stration  of  one  form  of  faUitrc  'wlncli  occas{o)iall\'  occurs  in  at- 
tcmptiu;/  to  lest  a  coacjuhitinij  agent. 

May  21.  1919. 


Minutes 

10:33 

10:43 

10:49 

10:52 

11:48 

1:31 

2:11 

3:00 

1 

— 

1 

1 

4 

2 

1 

1 

2 

2 

— 

2 

4 

4 

3 

2 

3 

3 

1 

3 

3 

4 

2 
2 

4 

6 

2 

7 

3 

8 

3 

9 

4 

Xo  injection  was  made  into  this  dog  as  the  coagulation  time  would  not 
remain  uniform  at  any  time. 

ABSTRACT  OF  DISCUSSION. 

Dr.  Pittenger:  I  just  wish  to  state  that  during  the  past  several  months 
I  have  had  considerable  experience  in  testing  blood  coagulants.  Although 
we  have  not  done  as  much  work  towards  perfecting  the  method  as  Dr.  Ham- 
ilton brings  out  in  his  paper,  we  have  obtained  practically  the  same  results, 
I'iz.,  that  there  are  quite  a  few  preparations  on  the  market  which  appear  to 
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be  valueless  as  to  their  eoagulaiit  properties,  and  >onie  others  whieh  appar- 
ently do  the  work  very  well. 

I  employed  a  method  somewhat  similar  to  his  in  whieh  I  used  very  small 
paratVmed  s'ass  test-tubes.  The  only  difference  between  Dr.  Hamilton's 
tcchnitiue  and  that  which  I  employed  was  that  our  experiments  were  carried 
out  at  room  temperature.  We  anesthetized  a  dog,  tied  a  paraffin-coated 
cannula  into  the  carotid  artery,  and  then  withdrew  four  or  five  tubes  of 
normal  blood.  The  coagulant  was  then  injected  into  the  saphenous  vein 
and  samples  of  blood  drawn  into  paraffined  tubes  every  two  minutes.  The 
clotting  time  of  the  normal  blood  was  then  compared  with  the  clotting  time 
of  the  samples  taken  after  the  coagulant  was  injected.  We  found  that  nor- 
mal blood  clotted  in  about  fifteen  to  twenty  minutes,  while  after  an  effective 
coagulant  was  injected  the  clotting  time  was  reduced  to  four  to  eight  min- 
utes. We  found,  however,  that  a  few  of  the  preparations  on  the  market 
instead  of  increasing  the  coagulability  of  the  blood  actually  retarded  coagu- 
lation. In  one  case  after  injecting  a  so-called  coagulant,  clotting  did  not 
take  place  in  two  hours,  whereas  the  tiornial  blood  from  the  same  animal 
clotted  in  eighteen  minutes. 


Studies  from  the  Medical  Research   Laboratories, 

Parke,  Davis  &  Co. 

Reprint   No.   242,    1920. 

(Reprint   from   The  Journal  of  Laboratory   and  Clinical  Medicine,   Vol.   V,   No.    5, 
(February.   1020.) 

BACILLUS  BRONCHISEPTICUS  AS  THE  CAUSE  OF  AN 

INFECTIOUS  RESPIRATORY  DISEASE 

OF  THE  WHITE  RAT. 

Bv  H.  Pkkstox  lIosKixs,  V.IM.D.,  Axn  Alice  L.  Stout,  A.B., 
Detroit,  Mich. 

(From  the  Medical  Research  Laboratories,  Parke,  Davis  &  Co.,  Detroit,  Michigan.) 

The  importance  of  Bacillu-S  bronchisepticus  as  a  pathogenic 
microorganism  has  been  firmly  established  by  the  investigations 
of  numerous  workers,  both  in  this  country  and  abroad.  A  search 
of  the  literature  dealing  with  the  bacteriology  of  various  diseases 
of  the  smaller  animals,  for  the  past  thirty  years,  leaves  no  doubt 
that  B.  bronchisepticus  was  frequently  encountered  by  the  investi- 
gators wdio  studied  these  diseases.  In  the  majority  of  the  reports 
the  completeness  of  the  data  does  not  permit  a  positive  statement. 
now,  to  the  effect  that  this  or  that  organism  was  the  same  as  the 
one  we  now  call  B.  bronchisepticus,  but  the  fragmentary  evidence 
dealing  with  the  morphology  and  cultural  characteristics,  together 
with  certain  statements  as  to  the  symptoms  shown  by  the  infected 
animals,  really  leaves  little  room  for  doubt  as  to  the  identity  of 
some  of  these  organisms  with  B.  bronchisepticus,  especially  in  the 
light  of  our  present  knowledge  regarding  it  and  its  ])athogenic 
powers. 

BRONCHISEPTICUS    INFECTIONS    OF    OTHER    ANIMALS. 

It  remained  for  Ferry^  to  publish  the  first  complete  descrip- 
tion of  the  organism,  to  which  he  first  gave  the  name  B.  bron- 
chicanis,  having  isolated  it  from  dogs  suflfering  with  distemper. 
In  pursuing  his  investigations  further.  Ferry  found  that  the 
organism  did  not  confine  its  pathogenic  activities  to  the  dog,  but 
that  it  was  associated  with  distemper-like  diseases  of  other  small 
animals.  This  caused  Ferry-  to  rename  the  organism  V>.  l)ron- 
chisepticus.      This    work    was   confirmed    by    the    publications    of 
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M'Gowair^  and  'l\)rrey  and  Rahe/  which  followed  shortly  after 
Ferry  published  his  findings.  Up  to  this  time  B.  bronchisepticus 
has  been  reported  as  having  been  isolated  from  dogs,  cats,  rabbits, 
guinea  pigs,  ferrets,  monkeys  and  man,  but  not  from  rats. 
M 'Go wan''  made  bacteriologic  examinations  of  rats  in  his  labora- 
tory, while  studying  infections  among  his  laboratory  animals,  but 
did  not  tind  B.  bronchisepticus  in  cultures  made  from  the  lungs, 
trachea,  hack  of  the  nose  and  heart  blood. 

It  is  the  ])urpose  of  this  report  to  record  the  finding  of  B. 
bronchisej)ticus  in  pure  culture  as  the  apparent  cause  of  a  serious 
distemper-like  disease  among  white  rats.  The  white  rat  ( Mus 
Norwegicus  albinus)  is  now  being  extensively  used  in  certain 
laboratory  investigations,  especially  in  work  with  glandular  sub- 
stances, vitamins  and  other  accessory  food  svibstances,  in  the 
study  of  dietary  deficiency  diseases.  In  many  laboratories  the 
rats  are  kept  in  the  same  buildings  with  other  small  animals,  such 
as  guinea  pigs  and  rabbits,  or  even  in  close  proximity  to  dog 
kennels,  thereby  affording  favorable  conditions  for  the  spread  of 
such  an  infection  as  B.  bronchisepticus.  probably  the  most  com- 
mon pathogenic  organism  found  among  laboratory  animals. 

NATURE   OF   THE    DISEASE. 

The  symptoms  shown  by  affected  rats  are  rather  constant. 
These  include  loss  of  appetite,  dulness,  loss  in  weight,  and 
respiratory  disturl)ances.  The  latter  are  quite  characteristic  and 
sometimes  are  present  without  the  other  symptoms  mentioned. 
There  is  a  nasal  discharge,  which  varies  in  consistency,  color  and 
amount,  in  different  cases.  Accompanying  this  are  frequent 
paroxysms  of  sneezing  and  a  peculiar  "rattling"  breathing  sound. 
For  this  sym])tom  the  name  "snuffles"  has  been  casually  a])plied 
by  laboratory  attendants,  jjrobably  on  account  of  the  similarity 
of  the  rat  disease  with  the  well-known  "snuffles"  of  rabbits. 
Diarrhea  was  not  noted  in  any  of  the  cases  observed. 

The  disease  may  run  a  protracted  course  or  end  suddenly. 
Few  recoveries  have  been  noted.  Usually  a  pneumonia  has  been 
found  in  those  cases  terminating  fatally.  No  attempt  has  been 
made  to  treat  cases  of  the  disease  for  oljvious  reasons.  It  has 
been  the  part  of  economy  to  destroy  all  rats  showing  symptoms 
and  start  over  again  with  new  stock,  ])laced  in  thoroughly  cleaned 
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and  disinfected  quarters.  There  have  heen  times  when  it  was 
very  difticuU  to  ()l)tain  heaUhy  stock  from  commercial  rat-hreeding 
estahlishments.  Shipments  have  heen  made  of  apparently  healthy 
stock,  only  to  have  them  arrive  with  some  of  the  rats  showing 
symptoms. 

HACTERIOLOGIC  EXAMINATIONS. 

Material  for  study  consisted  of  sick  rats  in  various  stages  of 
the  disease  and  rats  dead  of  the  infection.  Cultures  were  made 
by  plating  material  from  the  upper  resi)iratory  tract,  trachea, 
lungs,  and  heart  blood.  Table  1  shows  that  P).  bronchisepticus 
was  isolated  from  two  rats  dead  of  the  infection,  and  from  eleven 
others  killed  for  autopsy  and  cultural  purposes.  The  organism 
was  isolated  from  the  nostrils,  nasal  sinus,  trachea,  lungs,  and 
heart  blood.  Usually  the  cultures  from  the  trachea  were  pure, 
as  well  as  those  from  the  lungs  and  heart  blood  in  the  two  cases 
where  the  organism  was  recovered  from  these  sources.  Cultures 
made  from  the  upper  respiratory  tract,  nostrils  and  nasal  sinuses 
frequently  yielded  B.  I)ronchisepticus.  as  well  as  other  organisms, 
such  as  staphylococci  and  pyocyaneus.  Gas  producers  were  not 
found. 

At  the  same  time  that  rats  Nos.  "^O-^!*  were  killed,  samples  of 
blood  were  taken,  the  serum  removed  and  subsequently  used  for 
a  .series  of  agglutination  tests  against  B.  bronchisepticus  isolated 

Table  I. 
Data  on  Rats  kkom  Which  B.  Bronchisepticus  Was  Isolated. 


RAT 

KILLED 

NO. 

OR  DIED 

SYMPTOMS 

ORGANISM 

2 

K 

Sick  ;  "rattling" 

breathing 

Sinus 

3 

K 

Sick ;  "rattling" 

breathing 

Sinus 

4 

K 

Sick;  "rattling" 

breathing 

Sinus 

7 

K 

Sneezing,  "rattl 

ing" 

breathing 

Trachea 

14 

K 

Sneezing 

Nostril 

19 

D 

Not  observed 

Heart  Blood* 

21 

K 

Sneezing 

Trachea* 

24 

K 

Sneezing 

Trachea* 

25 

K 

Sneezing 

Trachea* 

26 

K 

Sneezing 

Trachea* 

28 

K 

Sneezing 

Sinus 

29 

K 

Sneezing 

Sinus 

31 

D 

Not  observed 

Lung* 

*B.  bronchisepticus  in  pure  culture. 
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from   rats  in   the  present   outbreak,  as  well  as   cultures   of   the 
or>,^inisni  obtained  from  dogs.     (See  Table  II.) 

Table  II. 
Agglutination  Tests. 

(1)  B.  bronchisepticus   (rat)   suspensions  against  homologous  rat  sera. 

(2)  B.  bronchisepticus   (rat)*   .suspensions  against   rat  sera. 

(3)  B.  bronchisepticus   (dog)    suspensions  against  rat  sera. 

*(  Strain  obtained  from  Rat  31) 

(1)    Suspension   of   B.  bronchisepticus  against  the   serum   of   the   rat   from 
which  the  strain  was  isolated. 


DILUTIONS 

RAT    2 

1-8 

++ 

1-16 

+ 

1-32 

— 

1-64 

— 

1-28 

— 

1-256 

— 

1-512 

— 

1-1024 



Controls 



+++ 
++ 
++ 
++ 
++ 

+ 

+ 


RAT  28 
+++ 
+++ 
+++ 
++ 
+ 


(2)    Suspension   of   B.   bronchisepticus    (Rat   31)    against  sera  of   rats   sick 

with  disease. 


DILUTIONS 
1-S 

1-16 

1-32 

1-64 

1-128 

1-256 

1-.512 

1-1024 

Controls 


R.\T  21  RAT   22  RAT  2.3  RAT  24  RAT  25  R.^T  20  HAT  27  HAT  28   RAT  29 

+  -I--I-  +++  +  +  +  +  +     +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 

+  +  +  +  +  +  +  +  +     +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 

+  -I-  +  +  +  +  +  +     +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 


+  + 

+  + 

+  + 

+  + 

-t-  + 

-h-l- 

+  + 

4-  + 

-h-l- 

+  + 

+  + 

+  -f- 

+  + 

+  + 

+  + 

+  + 

-1- 

+  + 

+ 

+  + 

++ 

+ 

+ 

+ 

+ 

-1- 

+ 

- 

+ 

+ 

- 

- 

- 

- 

- 

4- 

(3)   Suspension  of  B.  bronchisepticus   (Canine  Strain)   against  sera  of  rats 

sick  with  disease. 


lilLITIO.NS 

RAT  20 

RAT  21 

RAT  22 

RAT  2.1 

RAT  24 

RAT  2.) 

HAT  2(j 

RAT  Z/ 

HAT  28 

RAT    29 

1-8 

+  +  + 

4-4-4- 

4-4-4- 

4-4-4- 

4-4-4- 

4-4-4- 

+  +  + 

4-4-4- 

4-4-4- 

-H4-4- 

1-16 

+  +  + 

4-4-4- 

4-4-4- 

4-4-4- 

4-4-4- 

+  +  + 

4-4-4- 

4-4-4- 

4-4-4- 

4-4-4- 

1-.32 

+  -f-  + 

+  +  + 

4-4- 

+  +  + 

4-4-4- 

4-4- 

+  +  + 

4-4-4- 

4-4-4- 

4-4-4- 

1-H4 

+  + 

4-4- 

4-4- 

4-4-4- 

4-4- 

+  + 

4-4- 

4-4- 

4-4- 

+  +  + 

1-128 

+  4- 

4-4- 

4-4- 

4-4- 

4-4- 

4- 

4-4- 

4-4- 

4-4- 

4-4- 

1-2.56 

-1-4- 

4- 

4- 

4-4- 

4- 

4- 

4- 

+  + 

4- 

4-4- 

1-512 

4-4- 

4- 

4- 

- 

4- 

4- 

- 

4-4- 

- 

4- 

1-1024 

4-4- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Controls 

- 

- 

- 

- 

- 

- 

- 

— 

— 

— 
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111  tlie  isolation  and  identification  of  B.  broncl:isei)ticus,  sus- 
l)ected  colonies  were  picked  from  the  agar  plates  and  transferred 
to  various  media.  All  organisms  which  were  ultimately  designated 
B.  bronchisepticus  failed  to  produce  gas  or  acid  in  fermentation 
tubes  containing  dextrose,  lactose,  and  saccharose  bouillon.  The 
closed  arm  remained  clear  with  turbidity  in  the  open  arm.  Litmus 
milk  was  permanently  alkalinized  in  48  to  73  hours,  and  the 
growth  on  potato  was  yellowish  brown  (tan).  All  organisms  were 
actively  and  progressively  motile.  Gram-negative,  non-spore-form- 
ing and  failed  to  produce  indol. 

DISCUSSION. 

It  will  be  noted  that  with  two  exceptions  the  agglutination 
titers  were  fairly  uniform.  One  exception,  where  the  serum  of 
Rat  21  was  run  against  the  homologous  strain  of  B.  bronchisep- 
ticus, the  suspension  did  not  show  any  agglutinatit)n  above  a  dilu- 
tion of  1  to  K).  The  same  serum  agglutinated  a  strain  of  the 
organism  from  another  rat  at  a  dilution  of  1  to  25(5.  The  organ- 
ism from  Rat  21  was  typical  of  B.  bronchisepticus  in  all  respects. 
The  other  exception  was  in  the  case  of  the  serum  from  Rat  20, 
which  strongly  agglutinated  a  canine  strain  of  the  organism  at 
a  dilution  of  1  to  1024.  At  autopsy  this  rat  showed  i)neumonic 
areas  in  the  lungs.  We  were  unable  to  determine  the  agglutina- 
tion titer  of  the  serum  of  normal  rats.  All  rats  on  hand  had 
been  exposed  to  the  disease  and  efiforts  to  locate  healthy  stock 
were  unsuccessful.  Serum  from  normal  rabbits  does  not  usually 
agglutinate  B.  bronchisepticus  above  a  dilution  of  1  to  10. 

SUMMARY. 

1.  Bacillus  bronchisepticus  has  been  isolated  from  nostrils, 
nasal  sinuses,  trachea,  lungs  and  heart  blood  of  white  rats  affected 
with  a  serious  disease  of  a  distemper-like  character. 

2.  The  organism  was  recovered  in  pure  culture  in  about  one- 
half  of  the  cases.  Other  organisms  were  found  with  B.  bron- 
chisepticus. in  the  nostrils  and  nasal  sinuses,  and  once  in  the 
trachea. 

3.  Agglutination  tests  pointed  to  the  identity  of  the  rat  organ- 
ism and  B.  bronchisepticus  from  a  canine  source. 
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■k  The  serum  of  rats  aftected  with  the  disease  asj^g;Uitinated 
hoth  honioloi^ous  as  well  as  heterologous  strains  of  R.  bronchisep- 
ticus  in  comparatively  hiy;h  dilutions.  One  rat  serum  showed 
stroui;^  agglutination  at  a  dilution  of    1   to   1024. 
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BACTERIOLOGY  AND  CONTROL  OF  CONTAGIOUS 
NASAL  CATARRH  (SNUFFLES)  OF  RABBITS. 
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(From  the  Medical   Research   I.aUoratories,   Parke,   Da\  is  S:  Co..   Detroit.   Michigan.) 

The  condition  anion^-  ral)l)it.s  commonly  referrecl  to  as 
"snuffles"  has  been,  more  or  less,  a  disturl)ing  element  to  lab- 
oratory workers  ever  since  the  animal  in  cjuestion  was  first 
used  so  generally  for  experimental  purposes.  It  has  also  of 
late  bid  fair  to  become  of  considerable  economic  importance, 
as  the  practice  of  breeding  and  raising  rabbits  by  many  indi- 
viduals in  this  country  as  a  means  of  augmenting  the  family 
exchequer  has  recently  developed  into  an  industry  of  extensive 
proportions. 

On  account  of  the  general  distribution  of  this  industry 
and  the  prevailing  custom  of  exhibiting  pure-bred  rabbits  at 
the  meetings  of  the  various  State  and  local  rabbit  associations, 
together  with  the  opportunity  offered  for  the  spread  of  the 
infection  in  pet  shops  and  bird  stores,  the  disease  has  neces- 
sarily become  rapidly  and  widely  disseminated.  This  has 
resulted  in  an  increasing  demand  for  a  more  comprehensive 
bacteriologic  study  of  the  infectious  process,  as  it  now  exists, 
and  the  development,  if  possible,  of  a  means  of  protection 
against  it. 

PREVIOUS  BACTERIOLOGIC  FINDINGS. 

One  of  the  earliest  descriptions  of  an  epizootic,  of  bac- 
terial origin,  of  the  respiratory  tract  of  rabbits  was  given  by 
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Beck^  in  1893.  He  described  an  infccticms  ralibit  disease  ac- 
companied by  a  catarrhal  pneumonia  and  often  a  fibrinous 
pleuritis  caused  by  a  small  bacillus  which  was  aerobic,  non- 
motile,  negative  to  Gram,  and  which  could  not  be  grown  on 
potato,  although  it  thrived  on  other  alkaline  media.  This 
bacillus  was  found  to  kill  rabbits  within  five  days  after  intra- 
pulmonary  inoculations.  It  took  eight  or  ten  days,  however, 
to  kill  after  inoculations  directly  into  the  blood  or  on  the  unin- 
jured nasal  mucous  membranes.  The  organism  proved 
pathogenic  for  mice  and  guinea-pigs. 

In  1897  Kraus-  described  an  epizootic  in  rabbits  which 
resulted  in  pneumonia  with  purulent  pleuritis  and  pericardi- 
tis, accompanied  by  a  purulent  nasal  catarrh  and  an  inflam- 
mation of  the  antrum  of  Highmore.  The  infection  was  pro- 
duced by  a  small,  Gram-negative,  aerobic,  motile  bacillus 
which  developed  a  yellowish-brown  growth  on  potato. 

\'olk^  in  1902  described  a  contagious  disease  of  rabbits 
which  always  appeared  to  attack  the  pleura,  pericardium,  and 
endocardium.  As  the  cause  of  the  infection  Volk  reported 
a  small,  aerobic,  non-motile  bacillus,  negative  to  Gram,  which 
was  able  to  grow  luxuriantly  on  potato.  This  organism  ap- 
peared to  be  extremely  virulent,  killing  rabbits  within  36-48 
hours  with  a  dose  of  0.000001  c.c.  of  a  24-hour  bouillon  cul- 
ture after  an  intraperitoneal  or  intrapleural  inoculation.  This 
amount  inoculated  into  the  uninjured  nasal  membranes  took 
three  days  to  kill,  while  0.005  c.c.  injected  into  the  trachea 
resulted  in  death  within  ten  days. 

Siidmersen  in  1905*  described  an  infectious  rabbit  pneu- 
monia in  which  a  fibrinous  pleuritis  and  catarrhal  lung-  in- 
flammation appeared.  The  cause  of  the  disease  was  a  short, 
thin,  occasionally  double,  actively  motile  bacillus  which  was 
Gram-negative  and  easily  stainable  with  the  ordinary  aqueous 
aniline  dyes.  On  potato  it  formed  a  yellowish-brown,  wax- 
like growth  and  produced  gas  and  indol. 

In  1910  and  1911  one  of  us  (N.  S.  F.)^'"  described  an 
organism  as  causing  distemper  in  dogs,  and  later,  1912"-^  and 
1914,"  as  producing  snuffles  in  rabbits  and  a  disease  similar 
to  distemper  in  other  small  animals.  This  organism,  which 
the  above  author  ultimately  named  Bacillus  bronchisepticus, 
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is  recognized  l)y  the  following  characteristics:  It  is  a  short, 
slender  bacillus,  usually  found  single,  but  often  in  pairs.  In 
liquid  media  it  may  be  seen  in  long  chains  or  filaments,  and, 
when  cultivated  directly  from  the  animal  body,  may  be  larger 
and  more  oval  in  form.  It  does  not  stain  by  Gram  but  stains 
with  most  aniline  dyes  and  with  Loffler's  methylene  l)lue  often 
gives  a  typical  bipolar  appearance.  The  organism  is  actively 
and  progressively  motile.  It  gives  a  filiform  translucent 
growth  on  solid  media.  On  potato  and  Koch's  serum  it  pro- 
duces a  tan-colored  moist  growth.  It  does  not  liquefy  gelatin. 
and  does  not  produce  acid  or  gas  in  sugar.  It  gives  an  alka- 
line reaction  to  litmus  milk.  In  broth  it  produces  a  persistent 
clouding  with  a  rather  viscid  sediment.      Indol  is  negative. 

The  disease  as  it  was  found  in  rabbits  was  briefly  described 
by  Ferry''^  as  follows:  "Loss  of  appetite  and  flesh  with  de- 
creased activity  are  usually  the  initial  symptoms.  Diarrhea 
is  an  invariable  symjitom,  while  a  discharge  from  the  nose 
and  eyes  (purulent  very  early)  is  recognized  in  most  cases; 
wherein  it  differs  from  the  guinea-pig.  Death  in  the  majority 
of  cases  is  found  in  from  two  to  ten  days,  although  the  disease 
is  not  as  fatal  as  with  the  guinea-pig.  Incubation  period  from 
five  to  seven  days.  In  the  early  stages  B.  bronchisepticus 
is  usually  found  in  the  respiratory  tract  in  pure  culture.  It 
may  also  be  found  in  the  blood  and  abdominal  organs.  In 
later  stages  of  the  disease  this  microorganism  is  associated 
with  pyogenic  organisms  of  secondary  infections." 

Ferry  also  mentioned  an  uncommonly  acute  infection 
which  was  present  among  his  rabbits,  at  the  same  time,  due 
to  a  bacillus  of  the  hemorrhagic  septicemia  type.  This  disease 
was  of  extremely  short  duration  and  invariably  fatal.  "Often 
a  slight  discharge  w^as  observed  at  the  nostrils,  but  this  was 
not  so  profuse  nor  so  purulent  as  in  snufHes  due  to  B.  bron- 
chisepticus. At  autopsy  a  general  invasion  of  the  body  with 
the  specific  microorganism  was  the  rule."  An  observation 
was  made  at  that  time  which  appears  to  have  been  substan- 
tiated by  later  facts  that  "slight  discharge  (of  the  nostrils) 
seems  to  be  a  common  symptom  of  most  infections  in  the 
rabbit." 

In   1911    M'Gowan"   described   an    organism    found    in   an 
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epidemic  among"  laboratory  animals,  including-  the  ralibit  (pre- 
senting- the  symjitoms  of  the  disease  called  distemper),  which 
]iroved  identical  to  the  organism  just  preceding  (B.  bronchi- 
septicus).  The  condition  among  M'(  iowan's  rrd^bits  was,  no 
doubt,  tvjiical  snuffles. 

In  UMo  and  li'lT  Davis"' ^-  descril:)ed  a  Gram-neg-ative, 
non-motile,  polar-staining"  minute  bacillus  which  was  found 
in  subcutaneous  abscesses  and  in  snuffles  in  rabbits. 

TRESEXT   IXVESTIGATIOXS. 

Culture  material  was  obtained  from  rabl)its  of  various  ages 
and  during"  all  stages  of  the  disease,  j^articular  attention  being 
paid,  wherever  possible,  to  rabliits  showing  early  symptoms 
of  the  disease.  All  cultures  were  ol)tained  by  streaking  the 
material  on  plates  or  planting  in  broth.  Previous  work,  as 
well  as  preliminary  experiments  during  the  present  investi- 
gations, showed  that  the  predominating  and  most  consistent 
colonies  were  small,  round,  grayish,  translucent,  and  small, 
round,  white,  opaque.  These  two  types  alone  were  employed 
for  isolation  work.  Smears  from  other  colonies  were  stvidied, 
however,  but  the  findings  proved  conclusively  that  they  had 
nothing  in  common  with  the  primary  infectious  process. 

During  the  life  of  the  rabbits,  cultures  were  obtained  from 
the  nares  by  passing  sterile  swabs  as  far  into  the  nasal  cavity 
as  possible.  At  autopsy  cultures  were  obtained  from  the  nasal 
sinuses,  trachea,  heart-blood  and  Aaricjus  organs  of  the  body. 

Access  was  afforded  the  investigators  for  a  thorough  study 
of  this  disease  as  it  presented  itself  in  rabbitries  in  various 
parts  of  the  country  and  under  conditions  ideal  for  such  a 
line  of  work,  so  that  the  conclusions  are  in  no  way  influenced 
by  conditions  prevailing  in  any  one  locality.  Entire  rab- 
bitries were  ])laced  at  the  disposal  of  the  investigators  for 
bacteriologic  observations  as  well  as  for  further  experimental 
work,  and  as  a  result  a  large  numljer  of  animals  were  studied 
either  experimentally  or  clinically.  A\'ith  these  rablnts,  also, 
were  included  many  which  were  under  observation  for  the 
effect  of  specific  bacterial  vaccine  treatment,  both  prophylac- 
tic and  therapeutic. 
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KABBITS    STUDIKO    BACTKKIOLOGICALI.V. 

1.  Private  stock  (G-nionths-old  doe,  Flemish  Giant).  June  1(1,  l',)19. 
SymiUoms  7  months.  Thick  discharge  from  nose  ;  sneezing.  Cultures  from 
nares.  Numerous  colonies  of  a  small  bacillus  (  P>.  hnincliisepticus )  and  a 
few  colonies  of  Staph,  albus. 

2.  Private  stock  (\oung  buck.  Flemish  Giant).  June  16,  1919.  Sick 
four  weeks.  Thick  discharge  from  nose;  sneezing.  Cultures  from  nares. 
Numerous  colonies  of  a  small  bacillus;  B.  bronchiscpticus  in  large  num- 
bers;  few  Bact.  lepisepticum  and  few  Staph,  albus. 

3.  Private  stock  (_young  doe,  Flemish  Giant).  June  U\,  1919.  Just 
showing  signs  of  illness;  slight  watery  discharge  from  nose.  Cultures  from 
nares.  Small  bacillus  in  large  numbers;  plate  contaminated;  P).  coli  only 
organism  isolated. 

4.  Private  stock  (\oung  doc.  Flemish  Giant).  June  Hi,  1919.  Sneez- 
ing 3  to  4  days.  Cultures  from  nares;  small  bacillus  in  large  numbers 
which  proved  to  be  B.  bronchiscpticus;   Staph,  albus  also   isolated. 

5.  Private  .stock  (buck,  Flemish  Giant).  June  19,  1919.  Sick  six 
months;  thick  discharge.  Cultures  from  nares.  Several  organisms  present; 
gas-producing  organisms  of  the  colon  type  isolated. 

6.  Private  stock  (young  doe,  Flemish  Giant).  June  19,  1919.  Sick 
six  weeks.  Thick,  white  discharge.  Cultures  from  nares.  Numerous  col- 
onies of  small  bacillus;  B.  bronchiscpticus  in  pure  culture. 

7.  Private  stock  (young  suckling,  Flemish  Giant).  June  19,  1919. 
Nursing  sick  mother;  sneezing.  Killed  and  posted.  Cultures  from  nares, 
blood,  trachea  and  nasal  sinuses.  Numerous  colonies  in  large  numbers ;  B. 
bronchiscpticus  in  nares  and  trachea  in  pure  culture;  Bact.  lepisepticum  in 
sinus. 

10.  Laboratory  rabbit.  June  18,  1919.  Length  of  illness  not  known; 
thick  purulent  discharge.  Killed  and  posted.  Cultures  from  nares,  trachea 
and   blood.     Several   unidentified  organisms   in   nares   only. 

1 1 .  Laboratory  rabbit.  June  18.  1919.  History  not  known ;  thick 
purulent  discharge.  Killed  and  posted.  Cultures  from  nares,  trachea  and 
blood.     Bact.  lepisepticum  in  blood ;  unidentified  organisms  from  nares. 

12.  Laboratory  rabbit.  June  18,  1919.  History  not  known;  thick  dis- 
charge. Killed  and  posted.  Cultures  from  nares,  trachea  and  blood.  Bact. 
lepisepticum   in  blood ;   unidentified  organisms   from   nares. 

13.  Laboratory  rabbit.  June  18,  1919.  History  unknown;  watery  dis- 
charge. Killed  and  posted.  Cultures  from  nares,  trachea  and  blood.  Un- 
identified  organisms    from   nares    only. 

14.  Laboratory  rabbit.  June  IS,  1919.  History  unknown;  thick  puru- 
lent discharge.  Killed  and  posted.  Cultures  from  nares,  trachea  and  blood. 
L'nidentified  organisms  from  nares  only. 

15.  Laboratory  rabbit.  June  18,  1919.  History  unknown  ;  thin  watery 
discharge.  Killed  and  posted.  Cultures  from  nares,  trachea  and  blood. 
Unidentified  organisms  from  nares;   Bact.  lepisepticum  from  blood. 

17.  Laboratory  rabbit.  June  19,  1919.  History  unknown ;  watery  dis- 
charge. Killed  and  posted.  Cultures  from  nares,  trachea,  sinus  and  blood. 
Bact.  lepisepticum  and  B.  coli  from  nares;  B.  bronchiscpticus  and  B.  coli 
from  trachea. 

18.  Laboratory  rabbit.  June  19.  1919.  History  unknown;  slight  dis- 
charge. Killed  and  posted.  Cultures  from  nares,  trachea,  sinus  and  blood. 
Unidentified  organisms  from  nares ;   Bact.  lepisepticum   from  sinus. 

19.  Laboratory  rabbit.  June  20,  1919.  History  unknown;  w'atery  dis- 
charge. Killed  and  posted.  Cultures  from  nares,  trachea,  sinus  and  blood. 
Bact.  lepisepticum  from  sinus. 

20.  Laboratory  rabbit.  June  20,  1919.  History  unknown;  slight  dis- 
charge.    Killed  and  posted.     Cultures  from  nares.  trachea,  sinus  and  blood. 
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Unidentified   orjianisnis    troni   iiares ;    llact,    Icpisopticum    Inmi    Irachoa   and 
sinus. 

21.  Laboratory  rabbit.  June  18,  \\)\9.  History  unknown.  Tliick  puru- 
lent discharge.     Cultures   from  narcs.     Organi.sms   unidentified. 

22.  Laboratory  rabbit.  June  IS,  lOli).  History  unknown;  thin  watery 
discharge.     Cultures  taken   from  nares.     Organism  unidentified. 

23.  Laboratory  rabbit.  June  30.  1919.  History  unknown;  slight 
watery  discharge.  Killed  and  posted.  Cultures  from  nares.  trachea,  sinus, 
blood,  spleen  and  kidney.  H.  bronchisejiticus  in  large  numlnrs  in  nares  and 
also  in  pure  culture  in  the  trachea  and  sinus. 

24.  Laboratory  rabbit.  June  'M).  1919.  History  unknown  ;  slight  dis- 
charge. Killed  and  posted.  Cultures  from  nares,  trachea,  sinus,  blood, 
spleen,  liver  and  kidney.  B.  bronchisepticus  from  trachea  and  sinus  in  pure 
cultures. 

2.").  Laboratory  rabbit.  June  .'50.  1919.  History  unknown;  sneezing; 
no  discharge.  Killed  and  posted.  Cultures  from  nares,  trachea,  sinus  and 
blood.     Unidentified  organism  from  nares. 

31.  Private  stock  (2-months-old  doe,  Flemish  Giant).  Aug.  11,  1919. 
Ill  four  days;  dead  six  hours;  slight  watery  discharge.  Posted.  Cultures 
from  nares  and  sinus.  B.  bronchisepticus  in  pure  culture  from  sinus;  B. 
bronchisepticus  with  other  organism  from  nares. 

32.  Private  stock  (young  doe,  Flemish  Giant).  Aug.  11,  1919.  Sick 
few  days ;  slight  watery  discharge  and  sneezing.  Killed  and  posted.  Cul- 
tures from  nares  and  sinus.  B.  bronchisepticus  in  pure  culture  from  both 
situations. 

33.  Private  stock  (young  doe  Flemish  Giant).  Aug.  11,  1919.  Sick 
five  days;  slight  watery  discharge.  Killed  and  posted.  Cultures  from 
nares  and  sinus.     B.  bronchisepticus  in  pure  culture   from  sinus. 

34.  Private  stock  (buck,  fourteen  months  old.  Flemish  Giant).  Aug. 
12,  1919.  Sick  six  months;  thick  white  discharge.  Cultures  from  nares. 
Staph,  albus ;  B.  coli  and  other  gas  producers. 

35.  Private  stock  (young  doe,  common  rabbit,  wet  nurse).  Aug.  12, 
1919.  Sick  few  days;  slight  watery  discharge.  Killed  and  posted.  Cultures 
taken  from  sinus.     B.  bronchisepticus  in  pure  culture. 

36.  Private  stock  (young  wet  nurse,  common  rabbit).  -\ug.  12,  1919. 
Sick  one  week ;  thick  discharge.  Killed  and  posted.  Cultures  from  nares 
and  sinus.  B.  bronchisepticus  from  sinus  in  pure  culture;  B.  bronchisepticus 
associated  with  other  organisms  from  nares. 

37.  Private  stock  (11-months-old  doe,  Rufus  Red).  .\ug.  12.  1919. 
Sick  three  weeks;  thick  white  discharge.  Killed  and  posted.  Cultures  from 
nares  and  sinus.     B.  bronchisepticus  in  pure  culture  from  both  places. 

43.  Private  stock  (young  doe.  New  Zealand  Red).  Aug.  13,  1919. 
Symptoms  one  week;  slight  watery  discharge.  Killed  and  posted.  Cultures 
from   sinus.     B.  bronchisepticus   in  pure   culture. 

44.  Private  stock  (young  doe.  New  Zealand  Red).  .\ug.  13,  1919. 
Sick  few  days;  slight  discharge.  Killed  and  posted.  Cultures  from  sinus. 
B.  bronchisepticus. 

46.  Private  stock  (doe,  with  young.  New  Zealand  Red).  Aug.  13, 
1919.  Sick  few  days.  Young  rabbits  perfectly  healthy.  Cultures  from 
nares.     Staph,  albus. 

.50.  Private  stock  (young  rabbit,  Flemish  Giant).  Well  when  brought 
in  Aug.  13,  1919;  rubbing  nose,  Aug.  16.  1919;  dead,  .\ug.  18,  1919.  Cul- 
tures from  sinus.     Unidentified  organism. 

51.  Private  stock  (young  rabbit,  Flemish  Giant).  Sick  when  brought 
in  Aug.  13,  1919;  discharge  from  nose,  Aug.  15,  1919;  sneezing  and  very 
sick,  Aug.  16,  1919.  Killed  and  posted.  August  18,  1919.  Cultures  from 
sinus  and  blood.     Bact.  lepisepticum  in  sinus. 
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'i2.  Private  stock  (youii.s;  rabbit,  Flemish  Giant).  Slight  symptoms 
when  brought  in  Aug.  1.'!,  liiHi;  cnnsiderablc  discharge,  Aug.  15,  1919;  very 
sick,  Aug.  16,  1919.  Killed  and  posted,  Aug.  18,  1919.  Cultures  from 
sinus  and  blood.     Bact.  lepisepticum  in  sinus. 

53.  Private  stock  (young  rabbit,  Flemish  Giant).  Well  when  first 
seen,  Aug.  13.  1919;  no  symptoms,  Aug.  16,  1919;  killed  and  posted,  Aug. 
18,  1919.     Cultures  from  sinus  and  blood.     Bact.  lepisepticum  in  sinus. 

54.  Private  stock  (young  rabbit.  Flemish  Giant ) .  Slight  symptoms, 
Aug.  13,  1919;  rubbing  nose,  Aug.  16,  1919.  Killed  and  posted,  Aug.  18, 
1919.     Cultures  from  sinus.     Staph,  albus. 

55.  Private  stock  (young  rabbit,  Flemish  Giant).  Well  when  first 
seen,  Aug.  13,  1919;  slight  symptoms,  Aug.  15,  1919;  nose  moist,  Aug.  16, 
1910.  Killed  and  posted,  Aug.  18,  1919.  Cultiu-es  from  sinus  and  blood. 
Unidentified. 

60.  Private  stock  (Flemish  Giant).  Chronic  case;  thick  discharge. 
Cultures   from  nares.     Gas  producer  and   Staph,  aureus. 

61.  Private  stock  (Flemish  Giant).  Chronic  case;  thick  purulent  dis- 
charge.    Cultures  from  nares.     Gas  producer  and   B.  bronchisepticus. 

Total  rabbits  examined — 40. 

CONTROL   OF   THE   DISEASE. 

If  the  control  of  snuffles  is  to  be  attempted  it  must  be 
handled  as  any  contagious  disease  of  bacterial  origin  ;  namely, 
by  the  observance  of  the  ordinary  sanitary  precautions  and 
hygienic  measures  and  the  use  of  specific  therapy  wherever 
applicable. 

In  1914  one  of  us  (X.  S.  F.)"*  reported  the  control  of  a 
severe  local  outbreak  of  an  infection  with  R.  l)ronchisepticus 
in  rabbits  by  means  of  prophylactic  inoculations  with  a  spe- 
cific vaccine  containing  100  million  bacteria  j^er  cubic  centi- 
meter. Each  animal  received  the  vaccine  ever}-  third  day, 
starling  with  one  cubic  centimeter  and  doubling  the  dose  at 
each  subsequent  injection  imtil  three  injections  had  been 
given.  At  the  same  time  the  author  reported  the  unsuccess- 
ful attempt  to  control  an  infection  due  to  a  bacillus  of  the 
hemorrhagic  septicemia  type ;  later  experiments,  however, 
have  taught  us  that  the  dose  was  probably  much  too  small. 
The  most  recent  work  of  the  authors  has  shown  that  a  larger 
dose  of  l:)Oth  organisms  may  be  given  with  more  satisfactory 
results;  in  fact,  they  recommend  the  use  of  a  vaccine  contain- 
ing 400  million  each  of  B.  bronchisepticus  and  Bact.  lepisepti- 
cum and  200  Staph,  albus  as  the  initial  dose. 

According  to  reports  from  various  localities  relative  to 
the  use  of  this  vaccine  it  would  appear  that  al)out  90  per  cent 
of  the  rabbits  were  protected   after   prophylactic   inoculation, 
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and  of  those  cases  where  treatment  was  instituted  after  the 
disease  was  well  established,  about  T)!!  pcv  cent  were  relieved 
of  sxniiitonis. 

DISCUSSTOX. 

From  the  results  of  the  present  as  well  as  former  investi- 
gations, it  is  very  e\ident  that  snufllcs  in  rabbits  is  not  a 
single  entitw  due  to  an\'  one  microorganism,  but  is  more  or 
less  of  a  symptom  following  an  infection  of  the  upper  res])ira- 
tory  tract  Avith  any  one  or  more  of  several  organisms.  To 
further  substantiate  this  statement,  in  addition  to  the  findings 
of  the  authors  alreadv  quoted,  AW'ird' '  experimentally  pro- 
duced snufifles  in  rabbits  l)y  the  intra\enous  injections  of  R. 
ozena'.  B.  proteus  and  B.  bronchisepticus. 

It  seems  to  be  evident  that  the  ordinary  form  of  snuffles 
as  encountered  in  the  various  rabbitries  in  this  country,  char- 
acterized by  a  variable  nasal  discharge  accompanied  by  sneez- 
ing and  rubbing  the  nose,  with  more  or  less  loss  of  a])petite  and 
weight  and  a  rather  subacute  or  chronic  course  (which  con- 
stitutes the  large  majority  of  cases),  is  caused  by  B.  l)ron- 
chisepticus ;  while  the  more  acute  form  and  the  most  fatal, 
in  the  majority  of  instances,  is  due  to  Bact.  lepisepticum.  This 
statement  is  not  based  on  al)solute  findings,  as  both  organisms 
have  been  encountered  in  various  types  of  cases,  but  is  the 
opinion  of  the  authors,  judging  from  the  well  recognized  path- 
ogenic powers  of  the  two  organisms  and  a  general  picture  of 
all  the  cases  they  have  observed  taken  as  a  whole. 

It  seems  to  be  a  fact,  also,  from  a  careful  perusal  of  the 
literature  relating  to  infections  of  the  respiratory  tract  of  rab- 
bits, that  these  conditions  are  becoming  less  severe  and  are 
changing  from  acute  general  infections,  with  the  most  prom- 
inent symptoms  associated  with  the  lungs  and  surrounding 
tissues,  to  a  more  subacute  and  chronic  condition,  with  symp- 
toms referring  to  the  upper  respiratory  tract  only.  Formerly 
all  the  epizootics  seemed  to  be  s])oradic  in  nature  and  ex- 
tremely severe,  while  at  the  present  time  the  infection  appears 
to  1)6  constantly  with  us.  spreading  over  the  entire  country, 
now  and  then  increasing  in  severity  in  certain  localities. 

In  this  connection  it  might  be  stated  that  the  opinion  is 
rather  general  among  those  who  ha\'e  examined  available  lit- 
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erature  on  the  subject  of  snuttles,  that  it  is  a  form  of  hemor- 
rhagic septicemia.  1liis  no  doul)t  is  exphiined  for  the  reason 
tliat  veterinary  text-lxxjks  give  a  prominent  place  to  the  ral)bit 
septicemia  organism  in  diseases  of  rabbits.  This  is  probal)ly 
due  to  the  tendenc\  of  previous  workers  to  investigate  acute 
diseases  of  these  animals,  and  give  less  attention  to  a  chronic 
non-fatal  disease  as  is  characteristic  of  snuftles  at  the  ]:)rescnt 
time. 

The  fact  shcndd  be  kepi  in  mind  that  certain  mend)ers  of 
the  hemtjrrhagic  septicemia  group  of  organisms  have  been 
isolated  from  the  respiratory  tract  of  apparently  healthy  ani- 
mals, and  for  this  reason  these  organisms  are  classed  with 
others  such  as  the  pneumococcus,  for  exam|)le,  which  is  be- 
lieved to  become  pathogenic  under  conditions  which  tend  to 
lower  the  resistance  of  the  host.  The  work  of  Davis,  pre- 
viously referred  to,  has  shown  that  the  "carrier"  state  in  rab- 
bits, as  concerns  the  hemorrhagic  septicemia  organisms,  is 
a  condition  to  be  reckoned  with.  One  of  the  present  writers 
(H.  P.  H.)^^  has  called  attention  to  the  lial)ility  to  obtain 
misleading  results  from  rabbit  inoculations,  on  account  of  the 
fact  that  the  rabbits  may  actually  be  harboring  the  organisms 
at  the  time  they  are  inoculated  with  suspected  material  for 
diagnostic  jnirposes.  In  the  event  of  the  death  of  the  rabbit, 
and  ol)taining  a  pure  culture  at  autopsy,  there  is  no  way  of 
determining  dehnitely  the  actual  source  of  the  organism.  The 
conditions  under  which  hemorrhagic  septicemia  organisms 
are  transformed  from  sa])rophytes  to  pathogens  are  probably 
cfuite  \aried,  and  in  the  disease  being  discussed,  in  some  cases, 
at  least,  we  ma}'  have  a  double  infection  to  deal  with,  probably 
a  ])ronchisepticus  infection  supervening  upon  a  previous  hem- 
orrhagic  septicemia  invasion,  or  vice  versa. 

The  organism  found  most  frequently  as  a  secondary  in- 
vader, and  which  probably  is  responsible  for  the  purulent  con- 
dition of  the  nasal  discharge  and  perhaps  for  the  chronicity 
of  many  of  the  cases,  was  Sta])h.  albus.  This  organism  was 
observed  in  almost  every  case. 

Oddly  enough  the  streptococcus,  which  is  usuall}-  consid- 
ered a  common  secondary  inxader  in  all  infectious  processes, 
especially  of  the  respiratory  tract,  was  not  present  in  one  of 
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t)ur  cases.  A\'e  must  conclude.  theref(M-e,  that  the  strepto- 
coccus is  infrequently  harbored  bv  the  rabbit  and  is  not  a 
factor  to  be  reckoned  with  w  lien  undertaking  to  control  dis- 
eases of  this  animal. 

CONCLUSIOXS. 

1.  Contagious  nasal  catarrh  of  rabbits,  commonly  called 
"snuffles."  may  be  caused  by  any  one  of  several  microorgan- 
isms. 

'■?.  B.  bronchisepticus  is  responsible  for  the  majority  of 
cases  of  the  ordinary  snuffles  encountered  in  this  country  at 
the  present  time. 

;i  Bact.  lepisepticum  is  an  important  etiok^^ic  factor,  as 
it  was  found  in  a  lars^e  number  of  cases,  and  is  ])rt)bably  re- 
sponsible for  many  of  the  acute  types  of  the  disease  ^Yhich 
residt  fatally. 

4.  Sta])h.  albus.  prol)al)iy  present  in  the  nature  of  a  sec- 
ondary invader,  was  found  in  practically  all  cases  with  puru- 
lent nasal  discharges. 

•").  Many  other  organisms,  es])ecially  gas  ])r()ducers  of  the 
P).  coli  ty])e.  were  isolated.  l>ut  in  such  small  numbers  as  to 
preclude  their  relationship  to  snuffles  from  an  etiologic  stand- 
point. 

6.  The  streptococcus  is  probably  not  a  factor  to  l)e  con- 
sidered in  infections  of  the  respiratory  tract  of  the  rabbit,  as 
it  was  not  found  in  a  single  case. 

"i .  The  disease  can,  in  a  large  measure,  be  controlled  with 
a  vaccine  composed  of  the  three  most  prominent  microorgan- 
isms mentioned  above,  especially  if  the  conditi<ins  surround- 
ing the  animals  are  at  all  sanitary. 
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SOME  IMPORTANT  FACTORS  IN  THE  PREPARATION 
OF  CULTURE  MEDIA. 

Lewis  Davis.* 

(Medical    Research    Laboratories,    Parke,    Davis  &   Co.,   Detroit,    Mich.) 

The  ini]X)rtaiice  of  placing  the  preparation  u\  l)acteri()l()t;ic 
culture  media  on  an  accurate,  scientitic  ha.sis,  ha^  lonj.;-  been 
recoi^ni/.ed.  The  fact  that  a  majority  of  the  pathogenic  micro- 
organisms have  similar  food  requirements  makes  such  a  step  espe- 
cialK'  desirable.  In  spite  of  numerous  attem])ts  to  formulate 
])r()cedures  striving  towards  uniformity,  substantial  ])r()gress  in 
this  direction  has  been  slow.  While  it  is  aimed  to  record  the  bio- 
logical characteristics  of  an  organism  with  more  or  less  precision, 
one  of  the  most  essential  requirements,  that  of  a  ])ro])er  cultural 
environment,  is,  in  most  cases,  left  in  a  state  of  uncertainty. 

\'erv  freqnenth',  failure  to  obtain  some  important  biochemical 
reaction,  toxicogenicity.  or  even  growth  with  an  organism,  is  ex- 
plained as  an  individual  idiosyncrasy.  As  a  matter  of  fact,  the 
cause  mav  be  readily  apparent  when  examination  is  made  of  the 
bacterial  food  or  the  method  of  its  manufacture.  It  is  the  ])ur- 
pose  of  this  pa])er  to  discuss  some  of  the  factors  concerned  in  the 
pre])aration  of  culture  media,  with  p.articular  reference  to  the 
nutritive  and  loxicogcnic  reciuirements  of  the  more  common  path- 
ogenic organisms. 

Urgent  attention  recently  directed  toward  bacteriologic  pejj- 
tone  by  reason  of  the  actual  need  for  a  domestic  sup])ly  has  shown 
that  proj^er  selection  of  this  important  culture  medium  con- 
stituent is  imperative.  It  will  be  readily  conceded  that  for  the 
simple  cidtivation  of  many  organisms,  ordinary  beef  infusion  or 
even  beef  extract  is  able  to  furnish  all  of  the  necessarv  food  con- 


*This  investigator  favors  the  steam  pressure  method  of  sterilization.  High  tem- 
peratures can  effect  undesirable  chemical  changes,  while  long  continued  heating  may  be 
destructive  to  food  accessory  factors.  Emphasis  is  laifl  on  the  proper  selection  of 
bacteriologic  peptone. 
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stituents.  In  fact.  Davis  and  l^'errv^  have  succeeded  in  obtainini^ 
growtli  ()t  the  liighly  susceptible  /:>.  dipJitJicricc  in  a  medium  con- 
sisting entireh  of  an  a(|ueous  sohitiim  of  amino  acids.  ])ui"ine  l)ases 
and  mineral  salts.  Vox  the  more  complex  requirements,  however, 
such  as  production  of  toxins  or  even  in  the  growth  of  delicate 
organisms,  bacteriologic  ])eptone  plays  a  specific  role  by  supplying 
the  essential  accessory  factors  in  the  form  of  easily  assimilated, 
hvdrolvzed  protein.  As  stated  in  a  previous  investigation  by 
Davis. -'  which  led  to  the  (leveloi)ment  of  a  satisfactory  bacterio- 
logic ])ei)tone,  the  value  of  this  j^-oduct  in  bacterial  nutrition  is 
governed  entirely  by  the  presence  of  amino  acids  and  other  com- 
l)onents  which  can  be  utilized  by  the  bacteria.  While  some  of 
these  basic  ct)nstituents  are  absolutely  necessary  for  the  main- 
tenance of  bacterial  life  and  development,  others  in  turn  will  be 
utilized,  if  ])resent,  for  the  production  of  toxins  or  certain  by- 
products not  essential  to  metabolism.  Not  only  should  a  biologi- 
cally utilizable  peptone  have  the  proper  composition,  but  these 
amino  acids  and  other  components  should  be  present  in  the  most 
available  form.  Extended,  comparative  studies  have  also  in- 
dicated that,  among  other  factors,  a  peptone  hydrolyzed  to  a  much 
greater  degree  than  the  formerly  imported  product  possesses  in- 
creased nutritive  values. 

The  superiority  of  beef  infusion  over  beef  extract  for  the 
cultivation  of  pathogenic  bacteria,  and  particularly  for  the  de- 
velopment of  toxins,  is  generally  admitted.  The  method  formerly 
recommended  of  infusing  the  meat  for  2  1  hours  in  the  refrigerator 
with  distilled  water  is  practical  only  on  a  small  scale.  For  oper- 
ations involving  large  quantities  of  infusion,  an  equivalent,  satis- 
factory product  can  be  obtained  by  bringing  the  meat  and  requi- 
site quantity  of  water  to  the  boiling  i)oint  in  the  course  of  an 
hour  and  a  half  anrl  then  expressing  ihc  licpiid  tlirough  flannel 
in  a  suitable  press. 

Regardless  of  which  method  is  em])loyed  to  prepare  the  in- 
fusion, fat  should  be  removed  as  thoroughly  as  ])ossible.  Even 
the  presence  of  small  quantities  is  undesirable  in  the  final  broth 
to  be  employed  in  the  production  of  di])htheria  toxin  or  the 
propagation  of  certain  surface  growing  organisms,  B.  iiihcrcidosis, 
for  example.  Experience  in  the  routine  i)roduction  of  diphtheria 
toxin.    r)l)servations   on   which   will   be   communicated   in   a   later 
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article,  has  shown  that  a  marked  diminution  in  the  elaborati(Mi  of 
toxin  occurs  in  those  flasks  of  l^ouihon  containin*^  only  traces  of 
fat.  1  am  inclined  to  agree  with  the  opinion  of  Larson.  Cantwell. 
and  Hartzell''  regarding  the  influence  of  the  surface  tension  of 
media  on  the  growth  of  bacteria.  It  is  very  prcjbable  that  this 
deleterious  action  of  the  fat  is  exerted  by  depressing  the  surface 
tension  of  the  medium.  This  would  cause  B.  diphlhcricv  to  grow 
beneath  the  surface  A-ilh  con^eciuent  decrease  of  ])ellicle  and  toxin 
formation. 

One  of  the  most  important  steps  in  the  ])re])aration  of  culture 
media  is  undoubtedly  the  adjustment  of  the  reaction,  which  estab- 
lishes the  o])timum  concentration  of  H  ions  for  bacterial  growth 
and  metabolism.  In  ^])ite  of  the  numerous  and  con\incing  data 
brought  forward  within  the  past  few  years  to  prove  the  fallacy 
of  the  "hot  titration''  method,  this  inaccurate  procedure  is  still 
common  })ractice.  As  is  known,  the  committee  of  this  associa- 
tion clearly  states  in  the  Bacteriological  Section  of  the  Revised 
Standard  ^lethods  for  the  Examination  of  Water  and  Sewage,'' 
"that  a  new  method  of  titrating  and  adjusting  the  reactic^n  of 
culture  media  which  will  give  a  more  accurate  indication  of  the 
hydrogen  ion  concentration  is  desirable."  The  colorimetric  de- 
termination of  h\drogen  ion  concentration  as  ])roposed  by  Soren- 
sen,''  \\"al])ole''  and  more  recently  by  Clark  and  Lu])s,'  offers  a 
rapid  and  reliable  method  for  ordinary,  bacteriologic,  laboratory 
requirements.  Estimations  demanding  greater  accuracy  shoidd 
be  carried  out  by  the  electrometric  method.  With  the  simple 
electrode  recommended  by  Bovie'*  and  the  direct  reading  ion- 
ometer  of  Bartell,''  the  hydrogen  ion  concentration  can  be  rapidly 
determined  by  the  accurate  gas  chain  method.  .\  description  of 
the  "set  tip"  required  for  such  measurements  is  given  in  a  pre- 
vious article  on  hydrogen  ion  concentration  determinations  with 
diphtheria  toxin    (  Davis  ).^" 

Eor  a  large  number  of  pathogenic  species  including  Bact.  diph- 
therije,  and  the  more  delicate  microcf)cci  we  have  observed  that 
reactions  of  the  sterilized  medium  ranging  between  Pir.=  8.()  and 
Ph=:8.3  (Ch  =  1.0X]0-^  and  Cii  =  5.0X10-")  give  very  satis- 
factory results.  The  general  procedure  given  below,  which  em- 
ploys the  colorimetric  method  for  checking  the  reaction,  is  fol- 
lowed with  such  modifications  as  will  be  subsequently  discusserl. 
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A.  Aclil  the  ]iopt()nc  and  salt  as  rc(|uirc'(l  to  the  fat-free  in- 
fusion. Ai^itate  thoroughly  and  heat  for  1')  minutes  in  streaming 
steam  or  hring  to  a  boil  to  ensure  thorough  solution.  Sugars  for 
carbohydrate  media  should  not  be  added  at  this  point,  but  just 
before   sterilization. 

B.  Remove  exactly  10  cc.  of  the  broth  from  A  to  a  small 
(preferably  100  cc.)  Erlenmeyer  flask.  Dilute  with  about  40  cc 
of  cold,  distilled  water,  and  add  0.5  cc.  of  a  1  per  cent  solution 
of  phenolphthalein  (in  95  i)er  cent  alcohol)  as  indicator.  Titrate 
to  a  deep  jiink  color  against  an  N/10  NaOH  solution,  freshly 
prepared,  when  required,  as  an  exact  1/100  dilution  of  a  stock 
10  X  solution.  The  Ijurette  reading  gives  directly  the  amount  of 
the  strong  (10  N)  solution  required  to  neutralize  per  liter  of 
medium.  Steam  again  for  15  minutes  or  bring  to  a  boil,  and 
estimate  the  hydrogen  ion  concentration. 

C  For  determining  the  actual  hydrogen  ion  concentration, 
the  simple  "comparator"  of  Hurwitz,  Meyer  and  Ostenberg^^  is 
employed,  with  standardized  boric  acid-potassium  chloride-sodium 
hydroxide  mixtures  of  Ph=8.0,  Pii=8.2,  and  Ph==8.4.  prepared 
as  directed  by  Clark  and  Lubs."  Flat-bottomed  test  tubes,  17 
mm.  in  diameter,  of  uniform  bore,  and  with  capacity  of  about 
30  cc.  have  been  found  satisfactory  for  comparison  purposes. 
Transfer  exactly  10  cc.  of  the  neutralized  bouillon  from  B  to  one 
of  the  comparison  tubes,  dilute  with  10  cc.  of  distilled  water,  and 
mix  well.  Remove  10  cc.  of  the  mixture  to  another  tube  and  add 
0.5  cc.  of  an  0.02  per  cent  solution  of  phenolsulphonephthalein 
in  50  per  cent  alcohol.  Prepare  three  other  tubes  containing  10 
cc.  respectively  of  the  standardized  Ph==8.0,  Ph^8.2,  and 
Pn=8.4  mixtures  with  0.5  cc.  of  the  phenolsulphonephthalein 
solution  in  each  tube.  The  conijxarison  technique  is  that  described 
by  Clark  and  Lubs." 

As  a  rule,  the  value  will  \ery  closely  approximate  Pii=--=8.2. 
In  the  lew  cases  where  the  color  in  the  tube  containing  medium 
plus  indicator  is  lighter  than  that  of  the  compensated  Ph=8.() 
standard,  N/10  NaOH  can  be  run  directly  into  the  former  tube 
until  the  desired  tint  is  reached.  Since  the  equivalent  (jf  5  cc.  of 
the  medium  is  employed,  twice  the  burette  reading  gives  the 
amount  of  10  N  NaOH  necessary  to  correct  each  litre  of  broth. 

Media    which   are   to   contain   sugars   must  be  adjusted   to   a 
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higher  \ahie  tlian  Pji^8.'^  hefore  sterili/.ation  lo  antici])atc  the 
increase  in  the  concentration  of  h\(h'(ij,a'n  ions  as  a  resnU  ot 
sterih'zation.  Where  the  anionnt  of  carbohydrate  to  l)e  snl)se- 
quently  incori)t)rated  is  small,  this  may  be  accomplished  hy  titrat- 
ing to  a  deeper  shade  with  ])henolphthalein  in  the  ])reliniinary 
adjustment,  and  then  standardizing  to  a  final  Pii  value  greater 
than  Ph^8.2.  As  an  instance,  broth  for  the  cultivation  of  the 
influenza  bacillus,  which  has.  among  other  ingredients.  0.::^  per 
cent  of  dextrose,  should  have  a  reaction  coming  within  the  nar- 
row limits  of  Ph^8.1  to  Ph=8.2.  By  adjusting  to  Ph=8.3,  as 
above,  the  desired  value  is  attained  after  sterilization. 

\\'hen  the  medium  is  finally  to  have  present  a  larger  amount 
of  sugar,  the  consequently  greater  increase  in  H  ion  concentration 
makes  a  dififerent  indicator  than  phenolphthalein  necessary  for  the 
preliminary  titration.  The  2  per  cent  dextrose  bouillon  employed 
for  toxin  elaboration  with  B.  tctani  furnishes  a  good  example. 
Experimentation  has  shown  that  in  order  to  obtain  the  final 
optimum  reaction  value  of  Ph=8.0  to  Ph=8.2.  after  steriliza- 
tion, the  broth  before  addition  of  the  glucose  must  be  adjusted 
to  a  Ph  value  of  8.6.  This  is  easily  accomplished  by  using  ()..")  cc. 
of  the  0.04  per  cent  solution  of  thymol  sulphonephthalein  recom- 
mended by  Clark  and  Lubs.'  as  the  indicator  in  the  preliminary 
titration  and  adding  the  N/10  NaOH  solution  to  a  blue  shade. 
Color  comparison  of  the  adjusted  medium  is  then  made  in  the 
usual  manner  with  a  standardized  Ph^8.6  mixture,  by  using  ().•") 
cc.  of  an  0.03  per  cent,  solution  of  ortho  cresol  sulphonephthalein 
indicator  for  both  standard  and  broth,  in  place  of  phenolsulphone- 
phthalein.  as  before.  This  is  due  to  the  fact  that  the  range  within 
which  phenolsulphonephthalein  is  useful  lies  between  Ph=6.8  to 
Ph=8.4. 

The  acid  phosphate-glycerin  bouillon  recommended  for  the 
cultivation  of  B.  tuberculosis  is  of  interest  in  this  connection. 
Preliminary  cultivation  experiments  indicated  that  maximum 
growth  of  the  organism  can  be  obtamed  if  the  medium  before 
sterilization  has  a  hydrogen  ion  concentration  equivalent  to 
Ph  =  7.2.  Using  the  hydrogen  electrode  for  the  "exploratory" 
work,  a  routine  procedure  was  soon  established.  In  this  case,  the 
preliminary  titration  is  carried  out.  according  to  the  usual  tech- 
nique, to  a  deep  pink   shade  with   0.5   cc.   of  the   0.02  per  cent 
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solution  of  phcii(ilsul]ihone])htlKileiii  as  indicator.  The  H  ion  con- 
centration of  the  adjusted  and  steamed  niecHum  is  now  determined 
colorinietrically  in  the  '"comparator"  with  standarcHzed  KH.^l'O^ 
— NaOIl  mixture  of  Ph=:.0  and  rii=r.2  (Clark  and  Lnhs).' 
\'ery  satisfactory  color  comparisons  are  ohtained  Ijy  adding-  0.5 
CO.  of  an  0.0 1  per  cent  solution  of  dil)romthymolsulphonephthalein 
to  the  tnhes  containin;^-  hotli  tlie  liroth  and  standards. 

Solid  media  can  he  adjusted  to  dehnite  H  ion  concentrations 
with  no  s])ecial  ditificulty.  As  has  heen  pointed  out  hy  Clark  and 
Lul)s.'  pure  a,t;ar  has  practically  no  buffer  effect  in  those  ranges  of 
reaction  where  it  is  usually  employed,  and  its  addition  to  an  ad- 
justed houillon  should  have  no  a])])recial)le  efifect  on  the  hvdrogen 
ion  concentration  of  the  latter.  Agar,  like  sugars,  can  he  incor- 
porated into  a  medium  just  before  sterilization.  Since  gelatin  re- 
mains fluid  at  moderate  temperatures,  it  can  be  added  when  nec- 
es.sary  before  the  bouillon  is  adjusted.  Serum,  spinal  fluid  and 
other  exudates  which  already  possess  an  optimum  H  ion  concen- 
tration should  be  added  to  media  only  after  the  reaction  adjust- 
ment has  been  made. 

A  factor  most  frequently  neglected  in  the  preparation  of  cul- 
ture media  is  pro])er  sterilization.  Theoretically,  filtration  through 
unglazed  porcelain  would  be  an  ideal  method  for  sterilizing  cul- 
ture media.  On  a  practical  scale,  however,  recourse  must  be  had 
to  some  form  of  heat,  generally  flowing  steam,  or  steam  under 
pressure,  as  in  the  autoclave.  As  would  be  expected,  the  use  of 
too  high  a  tenijierature  for  this  pur])ose  can  effect  chemical 
changes  in  a  medium  which  seriously  im]:)air  its  value  for  bacterial 
food.  This  is  especially  true  where  sugars  or  other  carbohydrates 
are  ])resent.  due  to  possible  cleavages  which  may  take  i)lace,  par- 
ticularly in  alkaline  solution. 

Prf)lf)nged  heating  even  at  temperatures  otherwise  harmless 
should  be  e<|ually  avoided.  This  is  es]iecially  of  importance  in 
the  ])roduction  of  large  cjuantities  of  media  in  Inilk  containers 
where  a  longer  heating  period  is  required  to  ensure  sufficient  heat 
penetration.  A  long  distance  recording  thermometer  of  accei)ted 
type,  which  may  be  inserted  directly  in  the  liquid,  will  materially 
assist  in  determining  the  actual  temperature.  Contrary  to  the 
usually  accepted  belief,  it  a])pears  tliai  ilic  deleterious  action  in 
this  case  is  not  due  so  much  to  a  final  incre;ise  in  11   ion  concen- 
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tratidu,  ;is  xn  a  ])()ssil)lc  (Icstnu-tiim  in  the  medium  of  foocl 
liormones,  probably  of  a  vitamin  cliaracter.  The  alkaline  reac^ 
tion  generally  present  would  also  render  these  compounds  more 
unstable.  Experimeiitation  in  ])rogress  on  the  role  of  food 
accessory  factors  in  the  nutrition  of  B.  diphtlicr'uc,  which  will  be 
reported  upon  in  a  subsequent  article,  ajijiears  lo  substanliatc  this 
belief. 

In  general,  even  with  sugar  media,  autoclave  heating  at  a 
temperature  not  exceeding  1'30  degrees  C.  and  for  a  period  not 
more  than  'M)  minutes,  has  been  foimd  to  give  a  more  satisfactory 
microbial  food  th.'ui  intermittent  sterilization  in  flowing  steam. 
]\Iedia  having  a  su])ernatant  layer  of  oil  for  production  of 
anaerobiosis  are  ])referably  sterilized  l)y  the  intermittent  method. 
This  avoids  the  danger  of  boiling  over  so  frequently  encountered 
when  such  media  are  heated  by  steam  under  ])ressure.  Actual 
electrometric  determinations  of  the  same  medimn  sterilized  l)y 
both  methods  shows  less  increase  in  the  H  ion  concentration  of  the 
final  product  when  sterilized  under  |)ressure.  Where  a  l)iological 
measurement  is  ]:)ossible,  as  in  the  production  of  toxins,  the  inter- 
mittent method  is  more  likelv  to  give  weaker  ]:)roducts. 

Summary. 

Culture  media  preparation  is  discussed  with  special  reference 
to  the  requirements  of  the  more  common  pathogenic  micro- 
organisms. Importance  is  placed  upon  the  proper  selection  of 
l)acteriologic  peptone.  The  value  of  this  product  in  bacterial 
nutrition  is  governed  entirely  by  the  presence  of  amino  acids  and 
other  components  in  a  form  utilizable  by  bacteria. 

The  presence  of  small  quantities  of  fat  in  l)eef  infusion  has  a 
deleterious  action  which  is  ascribed  to  a  probable  depression  of 
the  surface  tension  in  the  medium. 

Hydrogen  ion  concentration  of  culture  media  is  discussed  with 
special  reference  to  the  colorimetric  method  of  determination.  A 
general  procedure  is  outlined  showing  the  application  of  this 
method  and  the  modifications  whicli  are  necessary  in  special  cases 
of  acid  and  alkaline  media. 

Comparison  of  sterilization  ])roce(lures  favors  the  steam  pres- 
sure method.     High   sterilization   tem])eratures  can  effect  chemi- 
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cal  changes  in  a  niediinn.  wliilc  prolonged  heating  even  at  safe 
temperatures  nia\-  ha\e  a  destructive  action  on  the  food  accessory 
factors  present. 
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NEED  FOR  A  SETTLED  POUCY  IN  BOTANICAL 
NOMENCLATURE. 

Oi.ivKK  Atkins   b\\K\vi".LL. 

It  seems  to  me  that  an  editorial  committee  is  an  absolute 
necessity  in  order  to  procure  uniformity  in  ])rocedure.  espe- 
cially in  the  descriptions  of  drugs.  This  committee  should 
formulate  a  definite  method  of  procedure  and  a  synopsis  of 
the  same  should  be  i^ixen  to  all  wlio  are  to  prepare  such  mon- 
ographs with  the  request  that  said  method  be  followed  with- 
out variance  for  any  reason  whatever;  should  the  monographer 
fail  to  comply  with  such  request,  then  the  editing  committee 
should  revise  the  monograph  where  necessary  to  bring  it  in 
l^roper  accordance  with  the  method  of  procedure  adopted. 

I'HARMACOGNOSV. 

For  instance,  under  digitalis  in  the  Ninth  Revision  the 
description  begins  with  length  and  breadth,  shape,  etc.  Under 
uva  ursi  the  description  begins  with  marginal  characters, 
shape,  size.  etc.  Also  under  the  former  we  find  "Leaves  when 
entire,"  etc..  and  a  little  further  on  "margins  crenate"  ;  to  avoid 
ambiguity  it  would  be  better  to  start  out  with  "Leaves,  when 
not  broken,"  etc. 

Tlie  word  "Ijark"'  when  unmodified  should  l)e  construed 
to  mean  the  bark  of  the  aerial  portion  of  the  plant  only.  For 
instance,  in  the  Eighth  Revision  we  have,  under  viburnum 
])runifolium,  "The  dried  l)ark  cjf  the  root."  The  change  in 
the  Ninth  Revision  to  "bark"  was  made  because  the  commer- 
cial drug  had  finally  come  to  contain  a  very  appreciable  amount 
of  the  stem  bark,  and  the  unmodified  word  was  used,  or  intended, 
to  cover  this  condition,  but  in  other  places  it  means  the  bark  of 
the  aerial  portions  only.  The  change  should  have  been  made  to 
read,  "The  dried  bark  of  the  stems  and  roots,'"  as  was  done  under 
granatum.  But  is  such  a  change  desirable?  Would  it  not  have 
been  better  to  have  left  the  specification  as  in  previous  editions? 
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The  result  is  that  stem  hark  is  present  in  lari^er  ])r()])()rti(tns  than 
ever,  often  up  to  .")0  per  cent.,  and  it  conforms  to  I'.  S.  P. 
definition  as  intended  :  hut  the  stem  liark  is  an  inferior  <h■U!^^  The 
definition  "hark  of  the  root"  sliould  he  restored  and  every  effort 
made  to  have  the  commercial  drui^  sj^athered  to  conform  thereto. 
In  man\-  deiinitions  we  find  the.  words  "witliout  the  {presence  or 
admixture";  this  is  redimdant.  One  or  the  other  of  these  two 
words  is  sufficient. 

BOTANICAL    NOM  KNCLATUKK. 

There  are  two  definite  lines  of  cleavage  in  hotanical  nomen- 
clature dejiendiui;-  u])on  the  "code"  followed.  There  is  the  so- 
called  American  Code,  the  most  undesirahle  features  of  which  are 
perhaps  the  use  of  a  trinomial  system  and  the  "slogan"  once  a 
synonvm  ahvavs  a  synonym.  Then  there  is  the  International 
Code,  with  its  purely  hinomial  system,  hut  with  such  multitudin- 
ous exceptions  that  it  will  forever  prevent  the  accomplishment  of 
that  great  hotanical  desideratum,  a  stahle  nomenclature.  The 
United  States  Pharmacopceia  is  not  the  y^roper  vehicle  to  exploit 
the  ideas  or  views  of  any  individual  hotanist  along  these  lines,  nor 
should  it  he  made  a  ])ul)lication  to  advance  or  advertise  any  par- 
tictilar  code  or  modification  thereof.  It  should  steer  a  conserva- 
tive cotirse  and  adoj^t  and  rigidly  adhere  to  one  or  the  other  of 
the  codes  ahove  mentioned.  In  other  words,  it  should  follow,  not 
lead,  in  matters  pertaining  to  nomenclature.  The  International 
Code,  even  with  its  exce])tions,  will  he  the  hetter  code  to  adopt. 

CAPITALIZATION. 

Under  the  International  Code,  geographical  names  used  as 
specific  names  are  decapitalized.  In  order  properly  to  conform 
to  the  laws  governing  syntax  and  grammar,  this  rule  will  necessi- 
tate the  use  of  Latin  type  (small  capitals),  as  Hydrastis  cana- 
densis; if  the  ordinary  English  type  (  up])er  and  lower  case)  is 
used.  deca])itali/.ed,  geographical  specific  names  derived  from 
generic  names,  such  as  "prunifolium"  should  he  capitalized  ;  this 
is  eminently  ])roper  as  they  are  proper  names,  hut  it  has  not  heen 
customary  to  print  them  thus.  The  entire  (piestion  of  cajjitaliza- 
tion  or  decapitalization  can  he  readily  avoided  hy  printing,  as  in- 
dicated ahove.  all  hinomial  names  in  small  capitals. 
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LOCAL  ANESTHETICS. 

By  Herbert  C.  Hamilton. 

(From   the    Medical    Research    Laboratories   of   Parke.   Davis  &   Co.,    Detroit.    Michigan.) 

When  a  substitute  for  c(icaine  makes  its  ap])earance,  the  chiinis 
for  its  usefulness  must  be  carefully  examined  and  verified  if  ])os- 
sible  by  unprejudiced  investigators. 

Apothesine  was  introduced  to  the  medical  profession  after 
being  subjected  to  the  most  careful  tests,  inclu(lin<r  both  labora- 
tory tests  on  animals  and  clinical  test?  by  com]:)etent  physicians 
and  surgeons. 

These  tests  showed  that  apothesine.  which  was  not  only 
brought  up  but  also  born  in  America,  is  a  true  local  anesthetic, 
about  one-fiftli  as  poisonous  as  cocaine,  with  no  habit-forming 
effects,  and  with  a  potency  fully  equal  to  cocaine  in  some  respects, 
although  less  effective  in  others. 

Sollmann^  -  in  a  series  of  tests  of  local  anesthetics  seemed  to 
demonstrate  that  in  every  respect  it  is  less  effective  than  cocaine. 
For  example.  Sollmann  found  that  for  terminal  anesthesia,  tested 
bv  intracutaneous  administration,  cocaine  is  eight  times  as  potent 
as  apothesine. 

Other  tests  were  ajiplied.  but  only  this  one  seems  of  especial 
value. 

Following  this  an  article  was  i)ublished  l)y  Hamilton'  show- 
ing his  results  obtained  by  applying  three  of  the  methods  used  by 
Sollmann.  The  results  he  obtained  can  l)e  summarized  as  follows, 
cocaine  being  taken  as  of  unit  value: 

Cocaine.    Apothesine. 

For  nerve  blocking 1  1 

For   terminal   anesthesia 1  1 

For  mucous  membrane  anesthesia 1  1/3 

Sollmann*  objected  to  the  data  by  the  second  method  since  it 
was  at  considerable  variance  with  his.  He  re])orted  cocaine  to 
be  eight  times  as  potent  as  apothesine  by  this  method.-     That  his 
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report  was  based  on  considerable  researcb  is  shown  by  SoUmann's 
statement :''  "l^efore  1  tried  apothesine  I  had  made  some  300 
injections  on  myself,  and  the  resnits  were  always  quite  definite." 

Xo  t'nrilu'r  i)nblished  acconnl  of  experiments  to  confirm  his 
revuli.->  has  ap]ieared  inider  his  name,  bnt  evidently  such  experi- 
ments were  conducted."  since  they  were  reported  as  follows  by 
the  Council  on  Pharmacy  and  Chemistry :  "A  further  series  of 
experiments  were  made  by  Sollmann  to  compare  still  further  the 
results  previously  reported  by  him  and  Hamilton."  These 
"demonstrated  in  every  case  that  the  efficiency  of  a]>othesine  is 
unmistakably  lower  than  that  of  cocaine,  being  at  best  one-half." 
While  this  is  greatly  at  variance  with  his  first  results — showing  a 
potencv  four  times  as  great  as  before — there  is  no  reason  to  doubt 
the  authenticity  of  the  report.  The  discrepancy  is  in  part  ac- 
counted for  by  the  further  statement^'  that  there  is  "consideraljle 
variation  in  the  susceptibility  of  difTerent  skin  areas,  especially 
to  apothesine."  The  difference  in  susceptibility  of  different  skin 
areas  is  a  fact  well  known  to  the  merest  student  in  physiology.  It 
is  therefore  surprising  to  note  this  admission  from  Sollmann. 

In  carrying  out  tests  of  local  anesthetics  l)y  this  method  certain 
conditions  should  be  observed  to  avoid  error. 

The  injections  must  all  be  really  intracutaneous.  If  the  skin 
does  not  come  up  in  each  case  in  a  ty])ical  raised  wheal  it  is  not  a 
proper  injection. 

The  injections  should  be  made  on  another  ];)erson  and  not  on 
oneself.  The  reason  for  this  is  obvious,  because  the  end  point 
of  the  test  is  a  finely  drawn  conclusion  and  must  not  be  influenced 
by  any  knowledge  which  might  be  prejudiced. 

The  injections  should  not  amount  to  more  than  0.3  Co.;  the 
solution  should  be  in  physiological  salt  solution  without  preserva- 
tive ;  it  is  preferable  to  test  only  one  sample  along  with  the  stand- 
ard at  one  time;  the  injections  .should  be  not  more  than  one  inch 
apart  and  preferably  on  the  upper  side  of  the  forearm.  There 
should  be  a  fair  agreement  on  tests  on  ncjt  fewer  than  three 
subjects;  the  subjects  should  be  in  complete  ignorance  of  the 
identity  and  degree  of  dilution  of  sami)les  injected. 

Observing  these  precautions  I  have  corroborated  my  first 
results,"  the  injections  being  made  by  l^r.  X.  S.  Ferry  into  three 
su1;)jects. 
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As  before,  the  tests  for  degree  of  anesthesia  were  nuule  by 
pricking  the  skin  over  the  site  of  the  injection  with  a  shar])  needle, 
and  where  the  degrees  of  anesthesia  from  two  injections  were 
unlike  I  have  indicated  this  difference  by  nunil)ers  of  -|-  signs. 

Along  with  the  test  of  apothesine  is  included  a  ])reliniinary 
test  of  an  experimental  product  included  to  show  the  data  on  a 
product  less  active  than  cocaine. 

SURIECT— H.  C.  H. 
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In  the  data  on  Miss  H.  the  results  were  complicated  somewhat 
more  than  in  other  cases  by  observing  a  difference  between  the 
two  compounds  in  the  promptness  of  anesthesia  and  the  duration. 
These  differences  were  not  uniform,  however,  since  in  one  case 
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tlie  cocaine  acted  iimrc  promptly  and  in  another  apothesine.  Not 
sufficient  ditiference  in  the  ettects  was  observed  to  lead  the  subject 
to  consider  one  better  than  the  other.  Her  conclusions  were, 
therefore,  in  accord  with  jirevious  data. 

To  indicate  degrees  of  anesthesia  by  the  number  of  +  signs 
is  largely  a  matter  of  convenience  in  order  to  select  for  the  next 
series  of  tests  the  dihuions  of  sample  and  standard  which  should 
give  equal  anesthesia.  It  is  a  practice  commonly  followed  in 
biological  assaving.  In  the  above  tests  apothesine  and  cocaine 
continued  to  have  i)ractically  ecjual  efificiency  and  required  no 
change  except  to  dilute  further  to  see  if  at  any  ])oint  the  efficiency 
of  one  of  them  fell  off  compared  to  the  other. 

There  was  no  attem])t  made  to  obtain  final  results  on  the  ex- 
])erimental  product. 

It  is  improbable  that  any  synthetic  substance  can  be  pre])ared 
which  will  equal  the  quick  penetrability  of  cocaine  into  mucous 
membrane.  This  fact,  however,  should  not  inhibit  the  use  of 
other  local  anesthetics  if  the  amount  and  the  strength  of  an 
effective  solution  is  not  poisonous  and  causes  no  untoward  symp- 
toms. 

Apothesine  is  one-third  to  one-tourth  as  effective  as  cocaine 
for  inucou>  membrane  anesthesia.  The  reason  is  that  it  is 
absorbed  more  slowly  and  destroyed  more  rapidly  than  cocaine. 
Clinicians  have  observed  no  untoward  effects  from  apothesine 
when  used  for  this  purpose,  and  in  fact  question  whether  the  ratio 
should  not  be  one-half  instead  of  one-third.  The  factor  of  tox- 
icity is  negligible  in  any  case  because  of  the  small  amount  absorbed 
and  its  rapid  destruction. 

The  action  of  a  local  anesthetic  on  the  mucous  membrane  can- 
not be  measured  readily.  It  is  assumed  that  the  relative  ]:)otencies 
of  these  substances  on  mucous  membrane  will  be  approximately 
the  same  as  their  action  on  the  frog's  skin,  since  normally  this  is 
always  moist  and  differs  from  the  human  skin  in  not  l)(.'ing  im- 
pervious to  substances  in  aqueous  solution. 

The  test  is  carried  out  on  a  frog,  deprived  of  its  brain  and 
heart,  by  immersing  one  foot  in  a  solution  of  the  anesthetic  for 
anv  definite  ])eriod — as.  for  example,  2  minutes;  then,  after  re- 
moval anrl  flrving.  both  feet  are  di])ped  into  a  dilute  solution  of 
hydrochloric  acid    (  1/5-per-cent  solution). 


455 

Anesthesia  j^artial  or  c(ini])letc  can  readily  be  noted  ])\  a  de- 
layed removal  or  failure  to  remove  the  anesthetized  toot  from 
the  acid  solution  while  th.e  untreated  foot  is  promptlv  withdrawn. 
A  ])lus  (  +  )  siii^n  indicates  comj)lete  anesthesia  when  the  treated 
foot  is  not  withdrawn  from  tlie  acid  hatli,  wliile  the  untreated 
foot  is  witlidrawn  at  once. 

A  j)lus  or  minus  sign  (±)  indicates  partial  anesthesia  shown 
hy  a  delayed  withdrawal  of  the  treated  foot. 

Zero  (())  indicates  that  neither  foot  is  withdrawn  from  the 
sf)luti()n,  and  the  frog-  is  no  longer  available  for  comparison. 

The  followins''  results  were  obtained  : 
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The  i)ot.ency  of  apothesine  is  one-third  to  one-fourth  that  of 
cocaine  aj^plied  in  this  way. 

It  seems  needless  to  discuss  the  M.  L.  D.  of  local  anesthetics, 
for  it  is  a  well-known  fact  that  deaths  from  their  use  are  not 
because  of  a  near  approach  to  that  dose  in  clinical  or  dental  ])rac- 
tice,  but  to  certain  idiosyncrasies  or  to  the  ])revious  condition  of 
the  patient. 

In  other  w^ords.  with  the  exception  of  cocaine,  the  comnionh 
used  local  anesthetics  are  applied  in  doses  relativelv  minute  in 
comparison  to  the  I\I.  L.  D. 

The  following  experiment  readily  demonstrates  the  relative 
toxicities  of  cocaine  and  apothesine  on  guinea-pigs.  While  the 
use  of  pigs  for  such  experiments  has  been  decried  by  some  who 
contend  that  the  cat  more  nearly  than  the  rodent  resembles  the 
human  in  its  response  to  the  series  of  drugs,''  it  should  be  observed 
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that  the  ])uri)ose  of  such  experiments  is  not  i)rimarily  to  estal)Hsh 
any  detinite  dosaj^e  tor  cHnical  use,  hut  to  compare  a  new  local 
anesthetic  with  cocaine  under  exactly  the  same  conditions. 

It  shoidd  he  noted  further  that  where  ii"uinea-pi,<,rs  are  avail- 
able for  such  work  they  are  usually  selected  because  they  are 
more  convenient  in  every  respect. 
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It  will  be  observed  that  the  results  of  these  tests  differ  mate- 
rially from  those  recorded  by  Eggleston  and  Hatcher"  (p.  44-i), 
where  it  is  shown  that,  apothesine  is  three-fourths  as  toxic  as 
cocaine,  while  my  results  show  it  to  be  one-fifth.  Is  the  differ- 
ence due  to  the  technique  of  the  operator,  the  animal  emi)loyed, 
or  to  the  method  of  administration? 

The  question  of  the  minimum  lethal  dose  is  open  to  different 
interpretations.  Some  select  a  method  similar  to  that  used  in 
clinical  practice  for  the  drug  to  lie  tested,  while  others  select  the 
method  which  kills  with  the  smallest  dose  and  most  quickly. 
Eggleston  and  Hatcher"  (p.  143)  selected  the  method  which 
determines  the  maximum  toxicity  "after  very  rapid  intravenous 
injections  of  concentrated  solutions."  Why?  In  view  of  one  of 
their  cfjnclusifins  (p.  480),  that  "the  toxicity  of  the  local  an- 
esthetics for  the  cat  after  subcutaneous  injection  has  been  shown 
to  dei)end  upon  the  ratio  between  the  rate  of  absf)r])tion  and  that 
of  elimination,"  their  selection  f)f  the  intravenous  route  seems 
inexplicable. 
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The  selection  of  this  method  is  logical  only  if  the  (Iru'j  so 
tested  is  to  he  used  in  this  way.  P>ut  local  anesthetics  are  never 
used  intravenously,  are  never  used  in  strt)ng  solutions,  and  are 
never  injected  ra])idl\'. 

Another  reason  aj.(ainst  the  selection  of  this  method  for  com- 
]X'irin,i^-  apothesine  and  cocaine  is  that  they  dilifer  so  i^^reatly  in  the 
rate  of  destruction  in  the  l)ody ;  the  former  is  destroyed  very 
rapidly  and  cocaine  very  slowly"'  (])p.  KiO  and  \i)'-'>). 

This  is  the  important  factor  which  accounts  for  the  greater 
ditTerence  hetween  their  toxicities  hv  suhcutaneous  than  hy  in- 
travenous  administration. 

KiLi^j^leston  and  Hatcher  recognize  this  factor  when  they  say: 
"The  toxicity  of  the  local  anesthetics  for  the  cat  after  subcutane- 
ous injection  has  been  shown  to  depend  upon  the  ratio  hetween 
the  rate  of  absorption  and  that  of  elimination.'" 

They  supply  data  which  very  nicely  illustrates  the  ];oint.  In 
one  experiment'*  (p.  -I'ui)  they  injected  a  cat  with  •^O-mg.-per-kg. 
df)ses  of  apothesine  repeated  every  fifteen  minutes  until  1!)()  mg. 
per  kg.  had  been  injected  in  2J4  hours.  No  serious  effects  fol- 
lowed, the  onlv  observable  eflfect  being  "a  slight  motor  excitation,'' 
which  might  be  expected  after  nine  hypodermic  injections. 

In  another  experiment."  (p.  453)  a  cat  was  injected  with  10- 
nig.-])er-kg.  doses  of  cocaine  at  15-minute  intervals  until  .")()  mg. 
])er  kg.  had  been  injected.  The  efTects  were  as  follows:  ''Very 
hvperexcitable.  almost  in  convulsions  .  .  .  clonic  s])asm  fol- 
lowed hv  tetanic  spasm''  over  a  period  of  a  half-hour.  hTjur 
hours  afterwards  the  animal  had  not  recovered  ;  it  was  still  "de- 
pressed." This  cat  got  about  one-fourth  as  much  cocaine  as  the 
other  got  of  apothesine.  and  almost  died,  while  the  apothesine 
cat  was  scarcely  affected. 

From  their  data  quoted  above,  we  note  that  T.H)  mg.  of  apothe- 
sine ])er  kilo  caused  no  unjjleasant  symptoms,  while  ."30  mg.  oi 
cocaine  almost  caused  convulsions,  and  the  cat  was  greatly  de- 
pressed for  at  least  six  hours.  The  reason  for  this  is  summed  up 
in  their  further  statement  that  apothesine  is  destroyed  in  the  body 
at  the  rate  of  one  fatal  vein  dose  every  fifteen  to  twenty  minutes, 
while  in  the  case  of  cocaine  one  and  one-third  times  the  fatal 
vein  dose  is  not  destroyed  in  twenty-four  hours.' 

From    this    same    data    another    striking    conclusion    mav    be 
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drawn.  According  to  the  Council."'  "when  toxicity  tests  of  local 
anesthetics  are  made  on  cats  these  animals  seem  to  respond  to 
the  drugs  in  a  manner  more  closely  approximating  humans.' 

It  a  cat  can  be  given  •^O-mg.-per-kg.  doses  of  apothesine  nine 
and  one-half  times  in  two  and  one-fourth  hours,  or  a  total  of 
190  mg.  ])er  kg.,  on  the  same  basis  a  TO-kg.  human  could  safely 
be  injected  with  21  grains  every  fifteen  minutes,  or  200  grains  in 
a  period  of  two  and  one-fourth  hours.  This  leads  to  the  logical 
deduction  that  the  toxicity  of  a  local  anesthetic  such  as  apothesine. 
which  IS  rarelv  given  in  doses  to  exceed  .")  grains,  may  l)e  safely 
ignored  when  considering  its  properties. 

Surelv  the  rate  of  absorption  and  elimination  is  more  im- 
portant than  the  absolute  dose,  so  why  not  use  the  data  available." 
Ostensiblv  because'  "one  cannot  reliably  estimate  the  degree  of 
clinical  danger  on  animals." 

This  latter  statement  is  not.  however,  in  accord  with  a  further 
statement,  as  follows  :"'  "It  is  a  suggestive  fact  that  the  more  toxic 
of  local  anesthetics  as  shown  by  tests  on  cats  have  been  found  the 
most  dangerous  in  clinical  use." 

Cocaine  is  near  the  top  of  their  list,  ])rocaine  at  the  bottom, 
but  Hatcher  and  Sollmann  have  had  reported  to  them  four  cases 
of  procaine  poisoning  and  five  cases  from  cocaine''  ( ]).  131 ).  No 
other  data  have  been  j^ublishcd  by  these  investigators  to  substan- 
tiate the  statement. 

The  authors  gave  experiments  where  adrenalin  was  used  with 
the  local  anesthetics  intravenously  and  their  conclusion  that"  (p. 
486):  "The  simultaneous  injection  of  epinephrin  (adrenalin) 
with  the  local  anesthetics  materially  reduces  the  toxicity,  but  this 
reduction  is  much  less  marked  in  the  cases  of  cocaine  and  holo- 
caine  than  with  the  other  members  of  the  series,  and  is  referable 
to  their  much  slower  'essential  elimination.'  " 

Stripped  of  its  peculiar  verbiage  this  means  that  in  the  case  of 
cocaine,  elimination  could  not  keep  pace  with  even  the  delayed 
absorption,  while  in  the  case  of  apothesine  because  of  the  delayed 
absorption  eHmination  kept  pace  until  the  M.  L.  D.  was  doubled. 

This  point  has  also  been  observed  by  Hamilton,"  who  explains 
its  action  by  the  intravenous  route  diiiferently.  The  action  of 
adrenalin  on  the  heart  is  exactly  the  reverse  of  that  of  apothesine 
— that  is.  a  stronglv  tonic  action — so  by  the  projX'r  timing  of  the 
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adrenalin  dosage  it  is  ])()ssible  to  have  very  little  depressant  action 
on  the  heart  from  a  dose  of  apothesine  even  when  administered 
intravenously. 

On  the  other  hand,  the  value  of  adrenalin  in  this  mixture  when 
used  suhcutaneously  is  correctly  stated  by  Hatcher  and  R^j^leston 
to  be  a  material  delay  in  absorption  which  permits  the  elimination 
or  destruction  to  keep  pace  with  it. 

When  the  two  are  injected  suhcutaneously  as  in  clinical  and 
dental  practice,  the  constriction  of  the  veins  and  arteries  by  the 
adrenalin  prevents  or  retards  the  absorption  of  the  drug,  lowering 
its  toxicity,  and  further,  by  this  same  action,  adrenalin  prolongs 
the  anesthesia  and  tends  to  make  weaker  solutions  more  effective. 

The  use  of  an  active  member  of  the  digitalis  series  also  acts 
to  reduce  toxicity  by  its  tonic  action  on  the  heart'  (p.  480),  for 
the  same  reason  and  in  the  same  way  as  in  the  case  of  adrenalin, 
when  the  latter  is  applied  intravenously. 

From  the  foregoing  data  ])artly  ])repared  for  this  paper,  and 
by  selection  of  data  ])ul)lishcd  l)y  .Sollmaiui,  Eggleston  and 
Hatcher,  it  is  evident  that : 

First,  the  relative  toxicities  published  by  Eggleston  and 
Hatcher  have  no  relation  whatever  to  the  relative  safety  of 
cocaine  and  apothesine  in  clinical  or  dental  practice. 

Second,  the  same  may  be  said  of  the  data  on  toxicity  i)repared 
for  this  pa])er,  which  shows  that  cocaine  is  five  times  as  poisonous 
as  apothesine,  since  the  I\I.  L.  D.  is  never  approached  in  dental  or 
clinical  practice. 

Third,  the  safety  of  apothesine  in  comparison  with  cocaine  is 
shown  by  Eggleston  and  Hatcher  in  the  experiments,  where  no 
serious  results  followed  the  administrati(jn  of  doses  of  the  former, 
while  one-fourth  as  much  cocaine  almost  killed  the  cat. 

Fourth,  the  efficiency  and  safety  of  apothesine  is  increased  b\' 
the  addition  of  adrenalin,  because  of  delaying  absorption,  and  by 
the  addition  of  digitalis  because  of  its  tonic  action  on  the  lieart. 

Fifth,  for  two  of  the  commonest  uses  of  a  local  anesthetic  (for 
terminal  anesthesia  and  nerve  blocking)  apothesine  is  as  potent 
as  cocaine. 

Si.vtli,  it  is  an  effective,  non-toxic,  non-habit-forming  local  an- 
esthetic, especially  valuable  for  terminal  anesthesia  and  nerve 
blocking. 
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THE  GERMICIDAL  VALUE  OF  MERCURIC  IODIDE 
ALONE  AND  ASSOCIATED  WITH  SOAP. 

1 ')  N     1  1  !•:  R  I! K  RT   C .    H  A  M  I LTO N . 

]\rercury  salts  are  well  recognized  as  germicidal  agents, 
but  the  different  salts  differ  widely  in  germicidal  power,  de- 
])ending  on  several  factors.  The  acid  radical  with  which  they 
are  combined,  the  substances  with  which  they  are  associated, 
and  the  conditions  of  the  test  are  all  highly  important  factors 
in  estimating  this  value. 

In  one  case,  that  of  mercuric  iodide,  it  is  essential  that  the 
soluble  double  salt  of  mercuric  potassium  iodide  be  prepared. 
The  solvent  probably  does  not  in  any  way  enhance  its  value 
except  in  making  a  soluble  compound.  This  is  apparently 
proved  by  the  fact  that  when  molecularly  combined,  one  mole- 
cide  of  the  mercury  salt  with  two  of  potassium  iodide,  the 
resulting  compound  is  not  affected  by  further  additions  of  the 
latter. 

By  the  Hygienic  Laboratory  Method^  the  values  of  three 
of  them  are  as  follows : 

Mercuric  Iodide    5000 

Mercuric  Chloride    1000 

Mercuric  Cyanide    125 

These  values,  however,  are  not  absolute  even  by  one 
method,  since  variable  results  are  often  found  when  no  ap- 
parently different  technique  is  applied. 

These  values,  further,  are  usually  very  greatly  lowered 
when  any  medium  containing  a  greater  proportion  of  nutrient 
material  is  used.  Using  plain  bouillon  containing  very  much 
more  beef  extract  and  peptone,  the  coefficients  are  usually 
reduced  to  about  one-third  the  above  values. 

*Read  before  Scientific  Section,  A.   Ph.  A.,  New  York  meeting,  1920. 
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The  term  phenol  coefficient,  therefore,  is  meaningless, 
without  the  (jualiiication  which  s])ecities  the  nature  of  the 
medium  and  the  organism,  the  two  essential  factors  which 
differentiate  the  different  methods  commonly  ap]ilied. 

A  recent  ])ublication  by  Widman-  summarized  some  ex- 
jieriments  in  which  the  phenol  coefficients  of  two  germicidal 
soaps  and  the  U.  S.  P.  Liniment  of  Green  Soap  were  shown 
to  be  so  nearly  alike  that  there  appeared  to  be  no  advantage 
in  using  a  germicidal  soap. 

This  is  also  in  accord  with  a  statement  of  Rosenau.^  "Med- 
icated soaps  are  for  the  most  part  a  delusion  and  a  snare  so 
far  as  any  increased  germicidal  action  is  concerned  ;  in  fact, 
the  addition  of  phenol  and  other  substances  which  have  the 
property  of  combining  with  soap  seems  actually  to  diminish 
the  disinfecting  power  of  that  substance."  In  a  later  publi- 
cation,* however,  he  added  the  statement,  "An  exception 
seems  to  be  the  soap  devised  by  McClintock  in  which  a  mer- 
cur}'  salt  exists  unchanged  and  active." 

Rosenau's  statement  is  corroborated  by  Stassano  and 
Compel,^  who  compared  three  of  the  salts  of  mercury  and 
fotind  the  iodide  to  be  about  10  times  as  effective  as  the 
chloride,  using  the  same  organism — Staphylococcus.  While 
this  was  mercuric  iodide  without  the  soap,  the  results  should 
not  be  greatly  different  when  the  germicide  is  incorporated 
with  a  good  soap  base. 

The  soa])  referred  to  by  Rosenau  was  one  of  the  soaps 
used  by  \\'idman,  and  his  very  low  results  led  to  some  further 
investigations. 

While  there  is  ajjparent  reason  to  doubt  his  statement  that 
a  soap  with  a  Hygienic  Laboratory  Phenol  Coefficient  of  not 
less  than  'M)  could  under  any  circumstances  be  found  with  a 
coefficient  less  than  1,  the  character  of  the  medium  and  the 
selecticm  of  the  organism  can  greatly  influence  the  results 
of  an  assay. 

I  have  since  then  tested  this  Mercuric  Iodide  soap  on  three 
occasions,  using  each  time  a  different  strain  of  the  organism 
he  selected,  Staphylococcus  aureus,  and  obtained  tliree  differ- 
ent results,  coefficients  of  8,  26  and  -i'A.  In  each  case  the  work 
was  carefully  carried  out  and  checked. 
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Under  normal  conditions  of  testing,  namely,  the  Hygienic 
Laboratory  Method,  the  coefficients  of  Mercuric  Iodide  and 
the  1  per  cent  Mercuric  Iodide  Soap  are  in  proportion  to  their 
content  of  the  active  agent.  For  various  reasons,  mostly  un- 
determined, this  is  by  no  means  invariable,  but  it  is  approxi- 
mately true  in  most  cases  and  may  be  regarded  as  a  general 
statement. 

This  indicates  that  under  the  conditions  imposed,  the  soap 
is  merely  a  vehicle  and  adds  nothing  to  the  actual  germicidal 
value  of  the  agent.  As  a  vehicle,  however,  it  has  obvious 
advantages,  such  as  its  cleansing  action,  and  its  alkaline  solu- 
tion. Using  Staf^liylocncciis  aureus  as  the  test  organism,  however, 
quite  different  results  were  obtained,  as  follows: 

Mercuric    Iodide    1100 

Germicidal   Soap    33 

(containing   1%   Mercuric    Iodide.) 

In  this  case,  the  mercuric  iodide,  associated  with  the  soap, 
is  3  times  as  effective  as  mercuric  iodide  alone. 

In  another  test,  with  a  different  strain  of  organism  and  a 
different  culture  medium,  careful  tests  carried  out  showed 
results  as  follows : 

Mercuric   Iodide    86 

Germicidal    Soap    26 

(containing   1%   Mercuric   Iodide.) 

This  result  was  very  surprising  and  must  be  regarded  with 
suspicion,  although  carried  out  three  times. 

In  both  these  cases,  therefore,  the  action  of  the  soap  is  to 
enhance  the  value  of  the  agent  very  materially. 

This  combination  has  a  number  of  advantages  not  pos- 
sessed completely  by  either  alone. 

Soap,  although  for  actual  disinfection  practically  devoid 
of  value,"  is  capable  of  bringing  about  a  surprisingly  high 
reduction  in  a  bacterial  count  because  of  its  detergent  action. 
An  efficient  disinfecting  agent  associated  with  it,  therefore, 
possesses  a  combination  of  valuable  properties.  This  agent, 
however,  mtist  be  high  in  intrinsic  value,  on  account  of  the 
low  solubility  of  the  soap.  A  soap  solution,  as  ordinarily 
obtained  in  lather,  is  not  stronger  than  1  in  100;  the  agent 
tnust  therefore  be  of  sufficientlv  high  value  that  this  further 


464 

dilution  will  still  be  effective.  For  example,  suppose  5  per 
cent  phenol  were  present  in  the  soap,  the  dilution  of  phenol 
in  the  lather  would  he  1  in  2000,  a  dilution  devoid  of  any 
germicidal  value. 

Another  advantage  possessed  by  the  association  of  an 
active  agent  with  soap  is  the  fact  that  the  solution  is  slightly 
alkaline,  and  as  such  it  promotes  penetration  both  through  the 
fatty  film  on  the  skin  and  into  denuded  tissue. 

Macfarlan'  summarizes  a  number  of  advantages  corrob- 
orating my  own  experiments,  showing  that  mercuric  iodide 
has  a  truly  remarkable  value  in  diseases  of  the  skin  and  mu- 
cous membrane. 

Incorporating  a  definite  propt)rtion  of  sodium  bicarbonate 
readily  overcomes  any  corrosive  action  on  metals.  This  again 
brings  out  the  fact  that  the  value  of  a  germicidal  agent  may 
often  be  greatly  increased  by  association  with  other  substances. 

The  object  of  this  paper  is  to  emphasize  three  points: 

1st.  The  incorporation  of  an  active  germicidal  agent  with 
soap,  if  there  is  no  combination  which  interferes  with  either 
substance,  often  enhances  the  values  of  both. 

2d.  Germicidal  experiments  should  not  be  summarized  in 
terms  of  phenol  coefficients  without  specifically  stating  in 
what  respects  the  assay  methods  dififer  from  the  accepted 
methods  of  obtaining  the  phenol  coefficient. 

3d.     Staphylococcus  is  a  logical  organism  to  use  for  such 

tests,  but  on  account  of  the  variation  in  resistance  of  dififerent 

strains  of  the  organism,  no  result  can  be  taken  as  final  and 

invariable. 

Pf<otocol  of  GERMicinAL  Tksts. 
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Organism — B.  typhosus. 
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Sample — Germicidal  Soap. 
Organism — Staph,  aureus. 
Medium — Hygienic  Laboratory. ^ 
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Sample — Green  Soap. 
Organism — Staph,  aureus. 
Medium — Plain  Bouillon. 
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Organisms — Staphylococcus  aureus. 

Medium — Plain  Bouillon. 

Substance — Mercuric  Iodide  as  Mercuric  Potassium  Iodide. 
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Organism — Stapliylococcus  an  re  us. 
Medium — Plain  Bouillon. 
Substance — Mercuric  Chloride  Phenol. 
HsCl .  :..  20  mill. 
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Medium — Plain  Bouillon. 
Substance — Germicidal   Soap. 
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STUDIES  ON  ANTHELMINTICS. 

VIII — Some    Experiments    with    Fluid    Extracts. 

By  Maurice  C.  Hall,  Ph.  D.,  D.  V.  M. 

(»ParasitoloKist    Medical    Research    Laboratories,    Parke,    Davis    S:    Co.,    Detroit,    Mich.) 

In  a  previous  pai)er  (  Hall,  1918)  the  writer  has  made  the 
following;:  statements  in  re,y;ar(l  to  fluidextracts  as  anthelmin- 
tics : 

"Fluidextracts  or  other  ])re])arations  usin_o-  alcohol  as  a 
solvent  for  active  anthelmintic  inji^redients  are  frequently  un- 
suitable as  anthelmintics. 

"Experiments  in  this  laboratory  on  a  number  of  such  prep- 
arations indicate  that  there  are  good  objections  to  some  of 
these  preparations.  In  the  first  place,  the  very  fact  that  alco- 
holic preparations  are  adapted  to  the  production  of  rapid 
systemic  effect — the  efifects  one  wishes  to  avoid  in  using  the 
characteristically  toxic  group  of  drugs  known  as  anthelmin- 
tics— is  one  reason  why  they  are  unsuitable  as  anthelmintics. 
These  alcoholic  preparations  are  often  rapidly  absorbed, 
largely  in  the  stomach  and  duodenum,  occasioning  more  or 
less  irritation  at  the  point  of  absorption  and  producing  sys- 
temic efifects  of  a  more  or  less  toxic  nature.  The  considerable 
and  rapid  absorjnion  leaves  a  comparatively  small  amount  of 
drug  availal)le  for  actual  anthelmintic  action,  and  by  the  same 
token  leaves  the  minimum  of  drug  that  could  possibly  be  removed 
bv  ]nirgatif)n,  after  exerting  its  anthelmintic  efifect.  In  the 
writer's  opinion,  some  alcoholic  preparations  of  anthelmintics 
are  distinctlv  dangerous  to  the  host  animal  and  relatively  inefifec- 
tive  against  parasites,  and  this  ()])inion  is  substantiated  by  quite  a 
number  of  experiments  in  this  laboratory."' 

The  object  of  this  paper  is  to  detail  some  of  these  experiments 
on  fluidextracts  as  anthelmintics. 

The  fluidextracts  tested  were  those  of  kamala,  chenopodium, 
balsam  poplar  buds  (balm  of  Gilead).  caulophyllum  (blue  cohosh), 
and  spigelia  (pink  root). 


'Resigned  March  27,  191!). 
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Kaniala  in  powder  form  is  well  known  as  a  very  satisfactory 
ta-niafn^e  and  is  one  of  the  two  remedies  used  in  removins;  the 
common  li\er  tlukc  from  sheep.  Tests  of  the  lluid  extract  were 
made  with  •>  doi'.s  as  shown  in  the  followin<r  tahle : 


W 

ORMS 

Passed 

Worms 

Postmortem 

s 

B 

i 

E 

E 

Digestive  Tract 

o 

o 

O 

o 

z 

ji 

> 

•r: 

1 

i 

9 

u 

J.: 

a 

? 

o 

ii 

o 

o 

0 

JS 

o. 

u 

H 

j= 

a 

D 

^ 

a 

< 

X 

:$ 

H 

< 

X 

IS 

H 

Kilos 

Mils 

Mils 

24 

7   5 

8 

24 

1 

0 

0 

2 

0 

2 

2 

2 

Normal 

4.S 

H 

8 

24 

0 

0 

0 

0 

0 

1 

0 

M 

Normal 

206 

9 

16 

None 

0 

0 

0 

0 

2 

0 

0 

10 

Gastric  hemorrhage 

The  treatment  removed  1  of  3  ascarids  (33  per  cent),  none  of 
3  hookworms  (0  ])er  cent),  none  of  2  whipworms  (0  per  cent), 
and  2  of  4!)  tai)eworms  (4  per  cent).  This  result  is  sufficiently 
inferior  to  the  results  we  can  depend  on  attaining  with  other  drugs 
to  warrant  the  helief  that  this  ])reparation  cannot  he  regarded  as  a 
valuahle  anthelmintic. 

In  small  doses  (8  mils)  the  drug  was  uninjurious  to  the  diges- 
tive tract,  hut  in  larger  dose  (16  mils)  post-mortem  examination 
showed  hemorrhages  in  the  stomach. 

Chenopodium  in  the  form  of  oil  of  chenopodium  is  the  most 
valuahle  all-around  anthelmintic  that  we  know  of,  being  the  best 
for  use  in  single-dose  treatment  against  ascarids  and  giving  better 
results  in  three  doses  at  hour  intervals  for  removal  of  hookworms 
than  thymol  in  therapeutic  dose  gives.  Tests  of  the  fluidextract 
were   made   with    3    dogs   as    follows: 
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The  treatnicnl  rt'iii()\c(l  1  ascan'd  out  of  27  (4  per  cent)  and 
none  out  of  'i  hookworms,  .'5  1  \vhi])\vornis.  and  !)i)  tai^ewornis  (U 
per  cent).  In  view  of  the  hi<;h  antliehiiintic  efficacy  of  oil  of 
cheudixxliiun.  there  would  a])pear  to  l)e  no  reason  for  using  a 
tluidextract  which  shows  so  little  efficacy  as  an  anthelmintic. 

In  all  cases  the  dit^estive  tract  was  inflamed  or  showed  i^astric 
hemorrha,i,fe.  as  would  he  expected  from  the  fluidextract  of  cheno- 
podium.  since  we  know  that  the  oil  of  chenopodium  acts  as  a 
ji^astro-intestinal  irritant,  and  alcohol  would  prohahly  increase  the 
rate  of  absorption. 

The  fluidextract  of  balsam  ])oplar  buds  was  tested  as  follows  : 
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Dog  Xo.  1  ^(i  and  another  dog  in  a  different  experiment  escaped 
from  their  cages  on  one  occasion,  making  it  impossible  to  say 
which  one  ])assed  a  number  of  worms  that  were  found  outside  of 
the  cages,  hence  the  two  figures  gi\en  for  ascarids  passed.  How- 
ever, the  experiment  shows  that  in  doses  of  10  mils,  undiluted,  the 
fluidextract  of  balsam  poplar  buds  is  100  per  cent  efTective  against 
ascarids.  whereas  in  doses  of  I  mils,  undiluted,  it  is  0  per  cent 
effective  against  ascarids. 

The  digestive  tracts  were  normal  in  all  ."5  dogs.  It  should  be 
said  in  comment  that  the  fluidextract  of  balsam  poplar  buds  con- 
tains a  large  amount  of  difficultly  soluble  material,  oleoresins  and 
resins,  wliich  material  is  promptly  thrown  out  of  solution  on  the 
addition  of  a  small  amount  of  water  or  on  contact  with  the  buccal 
mucosa.  This  comjiarative  insolubility  probably  accounts  for  the 
fact  that  the  drug  causes  no  injury  to  the  digestive  tract  and  also 
for  the  necessity  for  large  doses. 

The  following  tests  were  complicated  in  a  way  that  makes  tabu- 
lation unsatisfactory,  so  they  are  given  in  detail: 
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Dog  No.  105.  weighing  ^.5  kilos,  was  given  T.5  mils  of  fluid- 
extract  of  spigelia  and  senna  in  1')  mils  of  water.  The  next  day 
the  dog  passed  1  ascarid.  No  more  worms  were  i)assed  until  the 
fourteentli  day.  when  •")  ascarids  were  passed.  While  the  passage 
of  these  wcirms  at  this  late  date  might  he  partly  due  to  toxic  effects 
of  the  anthelmintic,  which  weakened  the  worms  in  the  first  in- 
stance, the  connection  is  too  imcertain  and  too  tenuous.  Ordinarily 
our  experiment  animals  are  killed  on  the  fourth  day,  as  otn*  find- 
ings (Hall.  I!MS)  show  that  about  !IS  ])er  cent  of  the  worms 
passed  hy  dogs  after  an  anthelmintic  come  away  in  the  first  4  days 
after  treatment,  the  remaining  2  per  cent  coming  away  on  the  fifth 
to  the  seventh  day.  It  is  undeniable  that  an  anthelmintic  might 
weaken  a  worm  to  the  point  where  it  would  succcmb  to  unfavor- 
able conditions  '-i  weeks  later,  but  such  action  must  be  disregarded 
in  a  consideration  of  anthelmintics.  To  merit  consideration  as  an 
anthelmintic  in  experiments  on  dogs,  a  drug  must  furnish  of  itself 
such  unfavoral)le  efifects  on  worms  as  to  bring  them  away  within 
a  week,  and  the  big  majority  of  worms,  in  fact,  actually  do  come 
away  from  dogs  within  the  first  24  hours  after  the  administration 
of  the  anthelmintic.  In  the  case  of  dog  No.  105,  the  animal  had 
45  ascarids  and  10  l>if>ylidium  post-mortem,  showing  an  efficacy 
of  2  per  cent  against  ascarids  and  0  per  cent  against  Dipylidium. 
The  digestive  tract  showed  a  moderate  degree  of  inflammation. 

Dog  No.  ITO,  weighing  4.5  kilos,  was  given  1  mil  of  fluid- 
extract  of  caulophyllum  (blue  cohosh)  in  3  mils  of  water.  Dur- 
ing the  next  5  days  the  dog  i)assed  5  ascarids.  On  the  fifth  day 
the  dog  was  given  4  mils  of  fluidextract  of  balsam  poplar  buds 
in  12  mils  of  water.  The  dog  was  dead  tiie  next  morning.  Post- 
mortem examination  showed  64  ascarids  in  the  large  intestine  and 
cecum.  These  must  be  credited  to  the  anthelmintic  action  of  the 
balsam  po])lar  Imcls.  and  the  number  would  presumably  have  been 
greater  if  the  dog  had  not  died  too  soon  after  treatment  to  permit 
the  anthelmintic  to  display  its  total  efficacy.  However,  this  dog 
had  in  the  small  intestine  1,1)85  ascarids.  most  of  them  very  young 
worms,  anfl  1  hookworm.  There  was  some  inflammation  and 
hemorrhage  in  the  digestive  tract.  The  early  death  of  the  dog  and 
the  other  complications  here  make  it  difficult  to  draw  conclusions. 
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SUMMARY. 

The  low  t£eniacidal  value  of  fluidextract  of  kamala  as  com- 
pared with  the  high  tceniacidal  value  of  jiowdered  kamala,  and  the 
low  ascaricidal  value  of  fluidextract  of  chenopodium  as  compared 
with  the  high  ascaricidal  value  of  oil  of  chenopodium,  bear  out  the 
statement  that  fluidextracts  are  frequently  unsuitable  as  anthel- 
mintics. Fluidextract  of  spigelia  and  senna  promises  little  of 
value  as  an  anthelmintic,  and  this  is  in  agreement  with  Foster's 
findings,  published  by  Hall  and  Foster  (1918).  Fluidextract  of 
l)alsam  poplar  l)uds  may  prove  to  be  effective  against  ascarids.  and 
uninjurious,  when  taken  in  large  doses,  but  large  doses  of  this 
drug,  with  the  precipitation  of  the  resinous  content  on  the  buccal 
mucosa,  are  resented  l)y  dogs  and  would  not  be  \ery  attractive  to 
man.  Fluidextract  of  caulophylluni  did  not  receive  sufficient  test 
to  draw  conclusions  on,  but  in  the  dose  used  it  was  not  very 
effective. 
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Within  recent  years  the  ral)bit  raising-  inchi.stry  in  tlie  United 
States  has  become  one  of  immense  proportions.  There  are  quite  a 
nunil)er  of  reasons  why  rabbit  breechng  and  raisini^"  appeals  to  the 
averai^e  indi\i(hial.  and  as  a  consecjuence  we  tind  a  number  of  rab- 
bitries  in  ])ractically  every  locality,  in  our  large  cities,  small  towns, 
and  even  in  the  country  districts.  The  utilization  of  rabbits  as  a 
source  of  meat  has  been  a  common  practice  in  some  foreign  coun- 
tries for  many  years,  but  only  within  recent  times  has  this  phase 
of  rabbit  raising  attracted  attention  in  this  country.  Ral)bits  were 
raised  to  be  .sold  as  ])ets,  or  for  use  in  laboratories  as  experiment 
animals. 

Rabbits  are  very  jjrcdihc  ])reeders  and  the  young  rabbits  from 
good  stock  mature  very  rapidly.  They  require  a  minimum  amount 
of  space,  much  less  than  chickens,  and  are  easier  to  raise.  In  fact, 
it  is  somewhat  surprising  how  thrifty  .some  rabbits  will  be  in  what 
we  would  ordinarily  consider  cramped  quarters.  When  properly 
cooked,  rabbit  meat  is  very  palatable,  and  it  might  easily  pass  for 
chicken.  The  j)elts  have  a  market  value  if  carefully  removed  and 
dried. 

At  the  present  time  rabbit  breeders  are  experiencing  consider- 
able trouble  with  a  disease  which  is  generally  called  "snuffles."  It 
is  also  designated  "cold."  "catarrh,"  "distemper,"  and  even  "flu." 
It  is  characterized  ])y  disturljances  of  the  respiratory  tract,  marked 
chiefly  by  a  nasal  discharge  which  varies  in  amount,  color  and 
consistency  in  various  stages  of  the  disease.  Afl^ected  rabbits 
sneeze  at  frequent  intervals,  resulting  in  the  discharge  of  consid- 
erable nasal  mucus.     There  is  apparently  some  irritation  of  the 
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nasal  passages,  as  the  sick  rabbits  are  seen  to  rub  their  noses  with 
their  front  ]ia\vs.  evident!}-  to  alleviate  this  irritation.  As  a  result 
of  u,sin<;'  the  paws  lor  nibbini;  the  nose,  the  former  are  much 
soiled  and  the  fur  badly  matted  by  the  nasal  discharges.  Other 
parts  of  the  body  may  become  soiled,  resulting  in  an  untidy  ap- 
pearance. On  the  other  hand,  some  rabbits,  even  though  affected 
for  months,  will  maintain  a  sleek,  thrifty  appearance. 

Snufties  is  not  usually  a  fatal  disease.  Some  rabbits  will  make 
spontaneous  recoveries.  A  second  attack,  following  a  complete 
recovery,  is  rare.  In  some  cases  the  disease  persists  for  six  months, 
if  untreated.  There  will  be  intervals  when  the  symptoms  subside 
and  almost  disappear,  only  to  recur  a  few  days  later.  Damp, 
humid  weather  seems  to  aggravate  the  condition. 

There  seems  to  be  no  age  when  rabbits  are  most  su.sceptible, 
although  the  disease  and  the  conditions  attending  it  are  such  as  to 
make  it  appear  that  young  rabbits  contract  the  disease  most  readily. 
^Mature  rabbits  coming  from  a  rabbit.ry  where  the  disease  has  not 
existed  to  one  where  the  infection  is  prevalent  frequently  show 
symptoms  a  short  time  after  introduction.  From  observations  thus 
far  made  under  natural  conditions,  and  not  controlled  by  artificial 
exposure  tests,  the  incubation  ])eriod  varies  from  one  to  three 
weeks.  The  disease  is  not  rapidly  contagious.  Young  rabbits 
from  the  same  litter,  even  if  kept  together  and  equally  exjx)sed  to 
infection,  will  not  all  develop  the  disease  at  the  same  time,  but  will 
show  first  sym])toms  at  varial)k'  intervals. 

There  appears  to  be  quite  a  little  difference  of  opinion  among 
rabbit  breeders  upon  several  points  in  connection  with  snuffles. 
Whether  the  disease  called  snuffles  is  one  distinct  pathological 
entity,  or  whether  there  are  two  or  more  diseases  with  about  the 
same  train  of  symptoms,  is  open  to  discussion.  Some  rabbits  will 
die  rather  suddenly,  after  having  the  disease  for  some  time.  These 
rabbits  show  acute  .symptoms,  such  as  marked  depression  and 
quickened  breathing,  and  frequently  die  within  24  to  -'36  hours. 
Usually  a  jjneumonia  will  be  foimd  at  autopsy. 

Rabbits  killed  while  suffering  from  chronic  snuffles,  for  the 
purpose  of  studying  the  jjathological  changes  incident  to  the  dis- 
ease, show  jjractically  nctthing  of  significance  exce])t  in  the  nares 
and  nasal  sinuses.  Here  we  find  the  nasal  mucous  membrane  con- 
gested and  covered  with  a  secretion  varying  in  consistency  from  a 
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sero-mucous  to  a  imico-purulent  nature.  In  the  sinuses  proper 
this  secretion  is  frecjuently  found  in  an  inspissated  condition,  form- 
ing casts.  The  lower  respiratory  tract  shows  little  or  no  change 
beyond  congestion,  except  in  those  acute  cases,  already  referred 
to.  where  a  pneinnonia  sometimes  supervenes. 

Ferry  and  the  present  writer  (1)  have  made  a  study  of  the 
bacteriology  of  the  disease.  These  investigations  would  seem  to 
indicate  that  more  than  one  microorganism  plays  some  part  in  the 
affection.  Cultures  made  by  introducing  a  sterile  swab  into  the 
nostrils  of  sick  ral)l)its,  or  direct  from  the  nasal  i)assages,  trachea 
and  heart  blood  of  rabbits  dead  of  the  disease,  or  killed  for 
autopsy  purposes,  have  yielded  the  following  organisms  most  con- 
sistently :  Bacillus  hroiichisrpticiis,  Bacterium  Icpiscpticuiii.  Sta- 
phylococcus albus.  Besides  these  three  organisms  various  others 
are  found  in  the  nares,  but  without  any  regularity.  They  are  not 
found  in  the  trachea  or  ui)per  nasal  passages,  but  only  in  those 
rabbits  examined  alive,  by  passing  a  swab  into  the  nostrils.  It  is 
quite  likely  that  all  such  organisms  are  accidental  invaders,  prob- 
ably having  been  inhaled  with  dust  and  of  little  importance  from 
an  etiological  standpoint. 

The  first-named  organism.  Bacillus  hronchiscpticus,  is  now  re- 
garded as  the  causative  agent  of  canine  distemper,  based  on  the 
investigations  of  Ferry  (2).  McGowan  (3),  and  Torrey  and  Rahe 
(4).  The  organism  has  been  isolated  from  dogs  sufTering  with 
distemper,  ]nire  cultures  being  obtained  from  the  respiratory  tract 
and  from  the  blood.  In  a  more  recent  publication  Ferry  (5) 
states :  *Tt  is  also  of  interest  to  know  that  this  microorganism  is 
known  to  produce  a  disease  somewhat  similar  to  distemper  in  other 
animals,  such  as  the  rabbit,  guinea  pig,  cat,  monkey,  ferret,  and 
likewise  in  a  few  cases  in  the  human  subject."  Hoskins  and 
Stout  (6)  have  found  the  same  organism  to  be  the  cause  of  a 
respiratory  infection  in  white  rats,  having  somewhat  the  same 
clinical  picture  as  snuffles  in  rabbits. 

The  next  most  frequently  found  organism  is  Bacterium  lepiscp- 
ticum.  a  member  of  the  hemorrhagic  septicemia  group,  previously 
isolated  by  several  investigators  and  given  different  names.  It  is 
of  more  than  passing  significance  that  the  rabbit  septicemia  organ- 
ism should  be  found  at  this  time  to  play  a  part  in  a  widespread 
disease  of  rabbits,  when  hemorrhagic  septicemia  of  cattle,  sheep 
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and  hi>gs  is  receiving  so  much  attention.  Just  as  these  organisms 
are  found  in  the  tissues  of  apparently  healthy  cattle,  sheep  and 
swine,  so  do  we  find  them  in  apparently  healthy  rabbits.  The 
assumption  is  that  they  become  pathogenic  imder  certain  condi- 
tions, not  well  defined,  but  in  a  general  way  tending  to  lower  the 
resistance  of  the  host  harboring  the  organisms. 

The  third  organism  found  (juite  regularly  in  the  nasal  passages 
is  Staphylococcus  albus.  It  is  quite  likely  that  this  organism  is  a 
secondary  invader.  Init  ])robably  responsible  in  no  small  degree  for 
the  chronicity  of  the  disease.  In  the  very  early  stages  the  nasal 
discharge  is  watery.  Later  this  becomes  thicker  in  consistency  and 
white,  creamy  or  grayish-yellow  in  color,  probably  due  to  the  inva- 
sion and  multiplication  of  the  staphylococci  in  the  diseased  tissues. 

The  treatment  of  snuffies  offers  a  real  problem.  Reports  re- 
ceived from  rabbit  breeders  state  that  many  and  varied  forms  of 
medication  have  been  employed,  but  without  satisfactory  results. 
Agents  of  many  different  sorts  have  been  employed  for  internal 
administration,  nasal  sprays,  and  hypodermic  injections.  The 
latter  include  serums  and  vaccines  of  various  sorts,  found  upon 
investigation  to  have  been  suggested  by  physicians  and  veterina- 
rians, on  account  of  the  similarity  of  snuffles  with  certain  other 
diseases,  such  as  canine  distemper  or  chronic  nasal  catarrh  of  man. 

The  primary  object  of  this  paper  is  to  call  the  attention  of  vet- 
erinarians to  the  disease  of  rabbits  which  is  generally  called  snuf- 
fles. That  there  is  an  undeveloped  field  in  this  direction  cannot  be 
questioned.  Case  after  case  has  come  to  the  attention  of  the 
author  where  a  veterinarian  had  been  called  in  by  a  ral)bit  breeder 
for  the  inir])ose  of  giving  advice  on  the  control  of  the  disease,  and 
almost  without  exception  the  veterinarian  would  .say  that  he  knew 
nothing  about  rabbit  diseases — a  frank  confession,  it  must  be  ad- 
mitted. That  the  rabbit  breeder  is  anxious,  even  insistent,  that 
somel)ody  come  to  his  assistance,  is  evidenced  by  the  receipt,  al- 
most daily,  of  letters  from  different  parts  of  the  country,  inquir- 
ing  ff)r  some   remedy   for  snuffles. 

In  the  absence  of  any  specific  remedy,  these  rabbit  breeders 
have  tried  anything  and  everything  that  overanxious  friends  would 
suggest.  Some  of  the  remedies  that  have  been  tried  border  on  the 
ridiculous.  The  more  observant  breeder  has  noted  the  fact  that 
hygienic  quarters   for  his  rabbits  mean  less  disease.     Here  is  a 
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chance  for  the  veterinarian  to  be  of  very  great  assistance  in  the 
role  of  sanitarian.  He  can  render  advice  on  such  fundamental 
points  as  feeding  and  housing,  especially  light  and  ventilation,  and 
the  value  of  regular  cleaning  and  disinfection  of  the  hutches.  He 
should  have  a  knov^ledge  of  the  various  breeds  of  rabbits  and 
know  enough,  at  least,  not  to  pick  up  a  valuable  animal  by  the 
ears.  Unless  veterinarians  do  pay  some  attention  to  rabbit  prac- 
tice, this  work  will  get  away  from  them,  and  it  will  be  a  difficult 
matter  to  get  it  back.  We  will  hear  criticisms  such  as  we  heard 
a  few  years  ago  concerning  swine  practice,  namely,  that  remedies 
were  being  sold  to  and  used  by  the  laity,  the  veterinarian  being 
overlooked. 

Due  to  the  fact  that  snuffles  has  all  the  appearance  of  an  infec- 
tious and  contagious  disease,  and  the  fact  that  bacteriological  ex- 
aminations of  rabbits  affected  with  the  disease,  made  at  different 
places  and  by  different  workers  in  the  past,  show  a  somewhat  con- 
stant combination  of  pathogenic  organisms  ])resent,  attention  has 
naturally  been  turned  to  the  possibilities  of  preventing  and  curing 
tlu'  disease  with  a  specific  biologic  agent.  A  bacterin  containing 
the  three  organisms  previously  mentioned  has  been  the  basis  of 
some  experiments  to  treat  the  disease.  This  work  has  been  under 
way  for  some  time,  with  rather  encouraging  results,  and  a  report 
f)f  the  results  following  such  treatment  of  the  disease  will  be  pub- 
lished at  a  later  date. 
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ACTION  OF  CHLORETONE  ON  ANIMAL  TISSUE. 

Hv  T.  B.  Aldrich  .\m)  11.  C.  W.\rd,  Detroit.  Mich. 

(Kriiin  the   Medical   Re.search   laboratories  of  Parke,  Davis  &  Co.,  Detroit,   Mich.) 

'iVichloro-tertiary-butyl  alcohol  (chloretone)  has  a  number  of 
propertie.s  which  make  it  valuable  therajKnitically,  among  which 
may  be  mentioned  its  hypnotic,  anesthetic,  and  bactericidal  prop- 
erties. 

It  finds  its  most  imj)ortant  use,  however,  at  the  present  time, 
as  a  hypnotic  and  sedative ;  l)Ut  its  local  and  general  anesthetic 
properties  must  not  be  lost  sight  of. 

As  a  general  anesthetic  for  experimental  animals,  where  it  is 
not  necessary  to  recover  the  animal,  it  is  an  ideal  general  anesthetic, 
and  it  is  employed  for  this  purpose  in  many  laboratories.  When 
given  in  small  doses  prior  to  general  anesthesia  with  ether  or 
chloroform,  in  the  human,  it  has  been  found  that  the  patient  re- 
quires less  ether  or  chloroform,  that  the  period  of  excitement  is 
lessened,  and  that  unpleasant  postoperative  vomiting  is  often  lack- 
ing. 

As  a  germicide,  its  aqueous  solution  will  kill  all  but  the  most 
resistant  spore-bearing  germs,  and  as  a  mild  local  anesthetic  it  may 
be  employed  to  advantage  in  dressing  burns,  abrasions,  cuts,  etc. 

As  an  obtundent  in  dentistry,  either  alone  or  in  oil,  it  is  ideal, 
as  evidenced  by  many  reports. 

The  action  of  chloretone  on  animal  tissue,  however,  has  not 
been  studied  to  anv  extent,  and  it  is  to  this  that  w^e  wish  to  call 
attention. 

A  number  of  years  ago,  it  was  found  that  pituitary  and  adre- 
nal glands  when  placed  in  a  saturated  aqueous  solution  of  chlore- 
tone (0..")  to  0.8  per  cent)  ke])t  indefinitely.  In  fact,  a  number  of 
glands  in  our  possession  have  been  kept  ffir  over  ten  years,  with- 
out any  apparent  decomposition  as  evidenced  by  odor  and  gross 
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appearance.  It  was  furthermore  tdund  that  ehlorett)ne  added  to 
saturation  in  aqueous  solutit)n  wduld  ])revent  the  development  of 
molds,  and  this  fact  has  heen  ma  le  use  of  in  the  preparation  of 
aqueous  stock  solutions  of  the  alkaloids  and  of  solutions  of  adre- 
nalin, ergot,  pituitrin,  etc. 

It  was  thought  also  that  the  aqueous  .solution,  or  a  modification 
of  it  (physiologic  salt  solution  saturated  with  chloretone),  might 
he  of  value  in  the  preservation  of  not  only  animal  tissue,  hut 
acjuatic  s])ecimens  ( hoth  plant  and  animal),  mu>eum  s])ecimens, 
also  material  for  lahoratory  class  work  in  high  schools  and  col- 
leges. Histologic  studies,  as  will  he  cited  later,  have  shown,  how- 
ever, that  chloretone  can  only  be  employed  as  a  differential  preser- 
vative :  that  is  to  say,  a  preservative  which  leaves  some  tissue  el- 
ements intact  and  allows  autolysis  or  other  changes  to  proceed  while 
keeping  down  bacterial  action  without  the  destruction  of  the  active 
constituents  set  free.  In  the  investigation  of  the  pituitary  glands, 
for  example,  the  glands  as  well  as  the  extract  may  be  ])reserved 
with  chloretone  until  the  finished  ])roduct  is  obtained  without  harm 
to  the  active  constituent,  and  it  may  well  be  that  chloretone  will 
find  one  of  its  many  uses  along  this  line. 

Although  the  preservative  action  of  aqueous  chloretone  solu- 
tion has  been  known  to  us  and  employed  by  us  in  the  preservation 
of  glands  and  gland  extracts  from  bacterial  decomposition,  for  a 
long  time,  no  systematic  experimental  work  has  been  carried  out 
along  this  line  to  show  its  general  action  on  animal  tissue.  Our 
object  in  presenting  this  preliminary  paper  is  not  to  ])resent  an 
exhaustive  article,  but  merely  to  draw  attention  to  the  effect  of 
chloretone  in  aqueous  solution  on  animal  and  possibly  vegetable 
tissue. 

In  order  to  test  the  action  of  a  saturated  aqueous  solution  of 
chloretone  on  animal  tissue,  the  following  organs — brain,  heart, 
kidney,  liver,  spleen,  testicle — were  removed  as  quickly  as  possible 
from  the  animal  after  death,  cut  into  small  pieces  and  distributed 
among  seven  sets  of  bottles.  Each  bottle  contained  about  140 
CO.  of  saturated  solution  of  chloretone  (0.5  to  0.8  per  cent),  and 
was  tightly  corked  to  prevent  the  chloretone  from  volatilizing.  To 
keep  the  water  and  air  saturated,  a  slight  excess  of  chloretone  crys- 
tals was  usually  left  undissolved  at  the  bottom  of  the  bottle,  it 
being  assumed  then  that  the  water  was  sufficiently  saturated. 
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Set  "A"  was  ])lace(l  in  the  incubator  at  '•'t'i  °  C. 

Set  "B"  was  ])lace(l  in  the  refrii^^crator  at  l")"  C. 

Set  ''C  was  infected  with  l*>.  protens  and  kei)t  at  room  tem- 
perature. 

Sets  "D,"  "E,"  "!'',"'  and  "d"  were  ke])t  at  room  temperature. 

A  piece  of  each  or^an  was  also  placed  in  each  ot  two  l)ottles, 
one  containins.^  only  distilled  water  and  the  other  50  per  cent  alco- 
hol. The  sets  were  examined  every  few  days  and  the  general 
ap])earance.  odor,  change  of  color,  etc..  noted. 

The  gross  changes  observable  after  six  weeks"  exposure  to  the 
chloretone  solution  were  as  follows:  l>rain  sections  appeared  un- 
altered in  color  but  of  rather  softer  consistency. 

Heart  muscle  had  lost  its  normal  color,  a])pearing  ])ale  even 
when  cut,  and  more  elastic  than  when   tresh. 

Ividney  segments  appeared  of  a  dull  uniform  yellowish  cast  as 
compared  to  their  fresh,  dark-red.  natural  color.  They  were  some- 
what tough  and  elastic. 

Liver  portions  presented  a  rather  unusual  dull  orange-colored 
ajjpearance  conhned  to  the  surface,  the  interior  ])ortion  retaining 
the  original  deep  characteristic  dark-red  color.  The  tissue  itself 
was  remarkably  soft,  flabby,  but  tough. 

Si)leen  sections  retained  their  original  color  and  api)earance,  al- 
though feeling  more  soft  and  s])ongy. 

Testicular  jMeces  were  ap])arently  unchanged  in  color  or  con- 
sistency. 

When  l)acteriologic  tests  were  applied  at  ten-day  intervals,  all 
bottled  lots  were  found  to  be  sterile. 

In  three  sets  molds  grew  in  the  culture  media,  but  no  multiiili- 
cation  had  taken  place  in  the  j^reservation  bottles.  In  fact,  aside 
from  a  rather  limited  amount  of  debris  arising  from  occasional 
handling,  the  licjuid  remained  clear  and  bright,  the  tissues  being 
visibly  free  from  the  common  signs  of  decom])osition  and  putre- 
faction. 

In  addition  to  the  abf)ve  records  a  series  of  observations*  were 
made  upon  the  histologic  changes  undergone  by  the  treated  tissue. 
Two  samples  of  material  were  used:  (a)  liver  of  dog,  which  had 
been  kept  at  3?°  in  sat.  sol.  of  chloretone  in  water  for  15  days, 


"These  observations  were  reported  l)y  C.  J.   Marinus,   to  whom  we  wish   to  express 
niir  thanks. 
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and  (b)  bovine  suprarenal,  wbich  had  been  kept  at  room  tem- 
perature in  sat.  sol.  of  chloretoiie  in  water  tor  a  period  of  years. 
Small  portions  of  each  tissue  were  placed  in  10  per  cent  formalin 
for  three  davs,  dehydrated  in  graded  alcohols,  cleared  in  toluol, 
embedded  in  paraffin,  cut  T  micra  thick  and  stained  with  Delafield's 
hematoxylin  and  cosin.  Control  sections  of  fornialin-tixed  rabbit 
ovary  were  stained  under  identical  conditions. 

(a)  Dog's  Liver. — The  low  power  section  presents  a  foam-like 
appearance,  due  to  absence  of  cytoplasm  and  nucleus.  Only  cell 
membrane  remains,  staining  a  grayish-violet,  surrounding  a  clear 
space.  The  connective  tissue  stains  a  diffuse  pink  around  the 
larger  l)lo()d  vessels  and  bile  ducts.  The  bbrils  are  softened,  swol- 
len and  edematous.     Blood  corpuscles  are  absent. 

( /' )  Bovine  Suprarenal. — Under  the  lower  power  the  section 
may  be  differentiated  into  two  regions,  an  outer  cortex  and  an 
inner  medulla.  The  cortical  cells  present  a  greenish-brown  ap- 
j>earance  and  the  high  power  shows  the  cells  filled  with  coarse 
brown  granules  sirnilar  in  a])pearance  to  those  seen  in  formalin 
]irej:)arations.  In  many  cells  only  faintly  stained  cell  membranes 
remain.  The  typical  structure  of  the  cortical  cells  is  faintly  sug- 
gested but  not  definitely  shown. 

The  medulla  presents  an  appearance  similar  to  that  of  the 
cortex.  Each  cell  is  distinguishable,  however,  although  the  nucleus 
is  absent. 

These  facts  indicate  that  preservation  in  chloretone  water  does 
not  preserve  cytological  details.  The  cytoplasm  and  the  nuclear 
material  are  completely  dissolved.  Only  the  cell  outlines  are  pre- 
served. Connective  tissue  is  altered,  swollen,  edematous,  but  ap- 
parently persists.  Certain  lipoid' granules,  characteristic  of  supra- 
renal cortical  cells,  were  found  present  after  some  years  of  treat- 
ment with  chloretone  water.  This  suggests  the  possibility  that 
specific  cell  products  may  be  preserved  by  the  chloretone  water. 

^Microscopically  there  was  no  evidence  of  bacterial  action  in 
any  of  the  sections  examined.  They  show,  however,  that  the  i)ro- 
cesses  of  autolysis  are  not  inhibited  l)y  chloretone.  The  resistance 
of  suprarenal  lipoidal  granules  in  the  face  of  the  generalized 
destruction  of  tissue  substance  is  also  a  noteworthy  fact. 

The  results  obtained  from  our  limited  study  are  at  first  glance 
distinctly   disappointing.      Apparently   chloretone    ])ossesses^  little 
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value  as  a  fixative  of  animal  tissues.  The  histologic  evidence  is 
conclusive  on  this  }X)int.  so  far  as  the  selected  tissues  examined 
are  concerned.  This  may  not  prove  to  be  wholly  applicable  to 
other  tissue  on  extended  study. 

But  v^^hen  vi^e  consider  the  greater  value  of  animal  tissues  as 
holders  of  specific  principles,  we  find  that  this  substance  does  pos- 
sess in  a  unique  way  what  we  are  pleased  to  express  as  difi^erential 
preservative  value.  This  property,  we  believe,  is  capable  of  being 
extended  to  a  wide  range  of  practical  applications. 

The  bactericidal  action  of  chloretone  is.  therefore,  of  special 
interest  in  this  connection,  since  there  are  but  relatively  few  sub- 
stances capable  of  favoring  autolysis  under  ideal  conditions. 

CONCLUSIONS. 

1.  Chloretone  in  saturated  aqueous  solution  exerts  a  definite 
bactericidal  action  at  all  temperatures. 

2.  Chloretone  in  saturated  aqueous  solution  prevents  the  devel- 
opment of  the  common  molds. 

3.  Chloretone  solution  is  not  suitable  as  a  fixative  for  histologic 
materials. 

4.  Chloretone  in  saturated  solution,  while  acting  as  a  bacteri- 
cide, does  not  inhibit  autolytic  action  as  evidenced  by  our  histologic 
findings. 

5.  Chloretone  solution  is  a  desirable  agent  for  preserving 
glands  and  gland  extracts  from  which  the  active  principles  are  to 
be  obtained. 
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WHAT  SHOULD  BE  THE  SCOPE  OF  THE  NATIONAL 
FORMULARY? 

Hv  Oliver  A.  Farwell. 

Chief  of   the   Deiiartmont   of    IJotaiiy,   I'arke,   Davis   &  Company. 

The  scope  of  the  X.  V .  must  depend  largely  upon  the  "rea- 
son for  its  being.'"  If  it  is  to  be  considered  as  an  official  directory 
of  standards  for  thugs  not  included  in  the  U.  S.  P.  (and  as  such  it 
will  be  a  complementary  volume  to  the  U.  S.  P.)  and  intended 
for  the  guidance  of  the  ofificials  who  have  the  enforcement  of  the 
jiure  food  and  drugs  act,  the  prohibition  measure,  etc.,  qualifica- 
tion for  admittance  must  necessarily  depend  largely  upon  usage. 

Certainly  the  standardization  of  drugs  should  not  be  permitted 
to  fall  into  the  hands  of  political  officials  who  would  determine 
the  standards  haphazardly.  On  the  other  hand,  the  N.  V .  might, 
and  probably  would,  command  a  higher  respect  if  qualifications 
for  admittance  were  based  entirely  upon  therapeutic  values,  ex- 
cluding any  ])reparati()n  that  ct»uld  l)e  used  as  an  alcoholic  l)everage. 

The  latter  course  probably  would  be  the  better  one,  especially 
if  it  will  help  to  throw  into  the  discard,  there  to  keep  company 
with  the  old  remedies  of  the  ancient  herbalist,  many  if  not  all  of 
the  ])reparations  that  are  without  therapeutic  value.  To  give 
official  liacking  to  remedies  that  are  inert  and  valueless,  no  matter 
how  much  thev  mav  be  in  "general  use,"  smacks  of  charlatanism. 
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HEMOSTATIC  AGENTS. 

By  Herbert  C.  Hamilton,  Detroit,  Mich. 

(From  the   Medical   Research    Laboratories  of  Parke,    Davis   &   Co..    Detroit,    Mich.) 

The  blood  is  the  agent  of  metaboHsm  in  that  it  serves  as  the 
medium  by  which  nutritive  and  other  substances  are  conveyed  to 
different  parts  of  the  body  and  waste  or  noxious  substances  are 
removed.  The  property  therefore  of  remaining  liquid  in  the  vas- 
cular system  is  of  such  vital  importance  as  to  overshadow  another 
property  that  is  little  appreciated — the  property  of  clotting  spon- 
taneously when  the  blood  escapes  from  the  severed  vessels  either 
because  of  wounds  or  disease.  In  a  few  minutes  after  normal 
blood  has  escaped  from  lacerated  tissues  it  is  gradually  trans- 
formed into  a  gelatinous  mass.  It  is  the  formation  of  this  clot 
that  checks  the  hemorrhage  in  small  injured  vessels  which  would 
otherwise  bleed  continuously. 

Ordinarily  most  hemorrhages  of  moderate  degree  can  be  con- 
trolled with  the  usual  measures  of  ])ressure  and  dressings.  How- 
ever, even  in  persons  having  a  normal  healthy  coagulability  of  the 
blood,  lacerations  of  tissue  occur  in  which  such  ordinary  meas- 
ures of  control  fail,  entailing  a  great  loss  of  this  vital  fluid.  In- 
stances of  this  type  are  hemorrhages  due  to  oozing  after  tonsillec- 
tomies, prostatectomies,  nasal  o])erations.  and  operations  in  vas- 
cular regions.  It  is  evident  that  an  increased  coagulability  of  the 
blood  in  these  cases  is  greatly  to  be  desired,  since  it  will  increase 
the  automatic  control  of  hemorrhage  normally  possessed  by  the 
organism. 

A  tendency  to  hemorrhage  due  to  hemophilia  or  to  hemor- 
rhagic diathesis  undoubtedly  renders  the  use  of  such  an  agent  an 
indispensable  procedure. 

The  prompt  clotting  of  the  blood  under  normal  conditions  is 
apparently  due  to  the  fact  that  the  action  of  antithrombin,  main- 
taining the  fluidity  in  the  vessels,  is  arrested  by  the  fluids  exuding 
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from  the  lacerated  tissue.  Tliese  mix  with  the  hlood  and  initiate 
the  ])rocess  of  clotting. 

One  of  the  constituents  of  the  hlood  iniiiiediately  concerned  in 
clot  formation  is  lihrinogen,  which  on  heing  suhjected  to  the  action 
of  thrombin  is  changed  into  an  insoluble  fibrinous  or  gelatinous 
mass  called  fibrin.  The  formed  elements  of  the  l)loo(l  beccjine  en- 
meshed in  this,  and  the  clot  results. 

Thromljin  as  such  does  not  exist  in  the  circulating  blood.  It 
is  derived  from  a  mother  substance  conveniently  designated  as 
l)rothroiiil)in,  wliich  is  quickly  changed  to  thrombin  in  shed  blood 
by  the  ihrombokinase  derived  from  the  bloocl  ])latelets  and  the 
lacerate  1  tissues,  in  the  presence  of  the  free  Ca-ions  of  the  plasma. 

In  the  normal  subject  therefore  the  natural  process  can  be  de- 
pended upon  exce])t  when  considerable  laceration  occurs  or  when 
it  is  an  internal  injury.  Under  these  latter  conditions  a  shorten- 
ing of  the  coagulation  time  is  desiral)!e  and  may  even  be  vitally 
necessary. 

Two  substances  suggest  themselves  for  the  purpose — the 
thrombokinase  that  may  be  derived  from  blood  ])latelets  and  from 
tissue  juices,  and  a  substance  to  neutralize  the  ant.ithrombin  action. 

The  former  substance  from  whatever  source  derived  has  been 
variouslv  named — the  term  thrombokinase  being  apparently  most 
appropriate  on  the  theory  that  the  action  has  the  nature  of  a  kinetic 
function  rather  than  chemical.  The  sources  of  thrombokinase 
are  the  blood  ])latekts  and  tissue  fluids,  while  a  substance  of  a  sim- 
ilar character  known  as  cephalin  is  ])resent  in  the  brain.  The 
latter  seems  to  be  exceptionally  strong  in  kinetic  power,  but  is 
applicable  onl\-  for  local  use  l)ecause  of  its  waxy  insolul)le  nature. 

Thrombokinase  is  lacking  in  any  si)ecific  action  to  counteract 
the  antithrombin  :'■'  it  serves  only  to  initiate  the  change  of  throm!)in 
from  the  inactive  ])rothrombin  to  the  active  form.  The  role  of 
the  antithromljin  therefore  seems  to  be  of  utmost  importance  and 
the  minimizing  of  its  power  essential  in  any  attempt  to  shorten 
the  coagulation  time  of  the  blood.  This  may  be  l)rought  al)out 
bv  the  inclusion  of  a  specific  antiantithrombin. 

There  are  certain  cases,  comparatively  rare,  in  which  the  blood 
fails  to  coagulate  or  in  which  the  ])rocess  is  so  slow  that  a  hemor- 
rhage might  be  fatal  before  clotting  occurs.  In  these  cases  it  is 
demonstrated  that  the  equilibrium  between  antithrombin  and- pro- 
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thrombin  is  at  fault,  because  of  an  excess  of  the  fornier  or  a  defi- 
ciency of  the  latter. 

The  third  ct)nstituent  thereft)re  that  should  be  present  in  a 
well  balanced  hemostatic  is  prothrombin  to  restore  the  l)alance  in 
the  blood. 

The  substances  previously  i)roi)osed  for  the  control  of  hemor- 
rhage bv  changing  the  character  of  the  blood,  are  blood  serum, 
both  liciuid  and  powder,  ])urihed  thrombin,  blood  platelets  in  both 
liquid  and  ]xiwder  form  and  l)rain  extract  in  the  waxy  form  re- 
sulting from  extraction  with  ether  and  acetone.  An  a([ueous  sus- 
])ension  has  also  been  prejiared  b\-  making  a  salt  solution  extract. 
This  is  for  hypodermic  injection. 

Freshly  prepared  blood  serum  or  the  powder  resulting  from  a 
precipitation  of  the  thrombin  in  an  active  state  has  an  obvious  ad- 
vantage as  an  aid  in  shortening  coagulation  time,  because  in  this 
way  active  thrombin  is  apparently  made  immediately  available. 
Almost  equally  logical  is  the  use  of  blood  platelets  whicli  seem  to 
have  a  specific  action  to  initiate  clot  formation. 

Both  of  these  classes  of  coagulants  are  normal  constituents  of 
the  blood  and  both  are  immediately  concerned  in  the  process  of 
clotting — thrombin  as  the  agent  which  brings  about  the  change  of 
fibrinogen  to  fibrin  and  thrombokinase  (  from  the  platelets)  be- 
cause of  its  ol)scrved  value  in  initiating  the  reaction  by  which  pro- 
tlirombin  takes  on  the  active  form  thrombin. 

.\ccording  to  Howell"  and  others,  cephalin  from  brain  suljstance 
is  more  active  in  this  respect  than  the  disintegrated  blood  ])latelets, 
l)Ut  such  an  extract  is  not  well  adapted  to  hypodermic  adminis- 
tration and  is  ])articularly  inadvisable  for  intravenous  use. 

No  single  substance  has  been  suggested  which  has  the  power  to 
neutralize  or  minimize  the  action  of  the  antithrombin,  nor  is  there 
available  in  the  above  list  any  true  blood  coagulant  adapted  to  meet 
all  the  necessities  of  every  kind  of  hemorrhage.  Thrombin  alone 
is  immediatelv  destroyed  l)y  antithrombin  ;  thrombokinase  cannot 
act  on  unreleased  prothrombin.  Coagulation  time  may  be  influ- 
enced by  anv  of  these  agents  to  a  slight  extent  if  the  substance  is 
active,  is  properly  applied,  and  is  adapted  to  the  ])articular  case,  but 
the  highest  ef^ciency  is  only  rarely  attainable  because  one  or  more 
ui  the  above  conditions  is  not  fulfilled. 

'bhere  is  unquestional)!)-,  tlierefore,  a  field  for  a  coagulant  com- 
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billing"  the  valuable  properties  of  those  mentioned  as  well  as  siip- 
jilyiiiij  the  essential  properties  which  are  lacking  in  the  above  list. 

It  shoukl  have  kinetic  power  supplied  by  an  active  thrombokin- 
ase ;  it  should  contain  prothrombin  in  case  this  constituent  is  de- 
ficient :  it  should  have  a  substance  to  minimize  the  action  of  the 
antithronibin  and  thus  permit  the  formation  of  thrombin.  Such 
an  agent  is  hemostatic  serum. ^'' 

Hemostatic  serimi  contains  prothrombin,  antiantithrombin  and 
thrombokinase  in  a  physiologically  balanced  solution,  with  a  dem- 
onstrated value  in  shortening  coagulation  time  when  administered 
by  any  of  the  accepted  methods.  Intravenous  administration  is 
naturally  the  route  by  which  quickest  results  are  obtained. 

Various  methods  have  been  suggested  for  standardizing  blood 
coagulants.  Of  these,  local  application  to  a  superficial  wound  and 
the  measurement  of  the  coagulation  time  of  the  escaping  blood 
seems  least  satisfactory.  Such  a  method  is  logical  for  adrenalin 
and  substances  which  act  as  astringents  locally  on  the  tissues ;  and 
also  substances  such  as  the  insoluble  waxy  material  extracted  from 
brain  substance  and  recommended  Iw  Hess  the  orginator''  for  local 
use  only. 

There  are  several  reasons  why  a  soluble  substance  cannot,  be 
standardized  by  this  method.  A  liquid  is  so  promptly  washed  away 
by  the  current  of  blood  that  it  is  almost  valueless  locally  unless  ap- 
plied on  gauze.  It  should  not  be  applied  by  periodic  swabbing 
with  a  cotton  pledget  saturated  with  the  agent*,  p-  "°^  since  this  re- 
tains the  fluid  and  prevents  close  contact  with  the  wound  ;  it  is 
practically  impossible  as  was  attempted  by  Hanzlik  and  Weiden- 
thaP,  P-  ^''^  to  control  conditions  in  two  wounds  so  that  the  efi^ect 
of  the  coagulant  on  one  of  them  can  be  recognized  or  can  be  meas- 
ured   quantitatively. 

Hemostatic  serum  requires  an  appreciable  time  for  activation 
by  mixing  with  the  fresh  blood,  before  it  can  exert  its  character- 
istic property  of  shortening  coagulation  time.  Test-tube  tests, 
the  addition  (jf  the  agent  to  blood  in  a  tube,  are  therefore  valueless 
since  this  coagulant  is  exibited  in  a  stable  form  which  requires 
activation  by  fresh  blood  before  its  peculiar  properties  become 
effective.  The  method  of  N.N.R.'^  and  Howell's  method'  using 
plasma  are  of  little  value  for  any  coagulant,  but  especially  in  com- 
parison with  the  systemic  administration  of  the  substance. 
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J'hc  (letinitc  results  ()l)laiiial)lc  !)}•  systemic  administration  point 
to  intravenous  administration  as  an  exceptionally  valuable  method 
for  purposes  of  standardization.  In  order  to  determine  the  potency 
of  the  agent,  its  power  to  decrease  the  coagulation  time  of  the  blood 
in  the  living  bod}-  should  always  be  determined.  Such  a  test  can  be 
made  an  accurate  measure  of  value  by  establishing  a  minimum 
standard.  'Jliere  has  not  been,  heretofore,  any  systematic  scheme 
for  standardizing  blood  coagulants — a  fact  which  accounts,  not 
only  for  the  various  attempts  to  establish  values,  but  also  lack  of 
uniformity  in  the  products  marketed. 

It  is  not  sufficient  to  find,  for  example,  that  a  freshly  prepared 
extract  of  blood  platelets  is  an  active  coagulant  and  expect  that 
such  an  extract  will  invariably  be  active  and  stable.  There  are 
too  many  opportunities  for  error  in  preparation  or  for  loss  of  ac- 
tivity through  bacterial  or  chemical  action  to  assume  an  activity 
which  it  is  possible  to  demonstrate. 

There  is  a  tendency  to  decry  the  biologic  methods  of  assay  on 
the  ground  that  the  action  of  a  therapeutic  agent  on  an  animal  is 
no  evidence  of  similar  activity  on  the  human.  While  this  argument 
is  illogical  in  most  cases,  it  can  scarcely  be  even  advanced  in  the 
case  of  a  blood  coagulant.  If  an  agent  will  shorten  the  coagulation 
time  of  a  dogs  blood,  the  blood  differing  in  no  essential  respect 
from  human  blood,  even  to  the  average  coagulation  time,  there  is 
every  reason  to  expect  a  similar  action  in  the  htiman.  Then  further, 
if  clinical  tests  show  almost  identical  results  with  those  obtained  by 
using  the  dog  as  the  test  animal,  every  reasonable  objection  to  the 
biologic  test  vanishes. 

The  method  of  procedure  proposed  for  standardizing  blood 
coagulants  of  this  character  by  the  biologic  test  is  as  follows :  The 
dog  is  anesthetized  for  convenience  of  withdrawal  of  samples  of 
blood  and  for  injection  of  the  coagulant.  After  complete  an- 
esthesia the  normal  coagulation  time  is  determined.  The  most  con- 
venient and  accurate  method  is  to  use  a  sample  of  about  3  c.c.  of 
blood.  A  glass  cannula  is  inserted  into  a  carotid  artery  for  obtain- 
ing samples  of  blood.  At  least  three  samples  should  be  tested  for 
the  normal  coagulation  time  before  injecting  a  coagulant.  The 
blood  is  drawn  into  a  clean  test  tube  and  set  in  water  at  38°  to  40° 
C.  It  is  examined  at  one-minute  intervals  to  observe  the  first  evi- 
dence of  fibrin  formation  and  the  ])rogress  of  coagulation. 
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The  imnnal  coagulation  time  tor  the  test  animal  has  heen  selec- 
ted as  that  time  when  on  inverting  the  tuhe  no  fluid  can  he  oh- 
served.  One  must  be  careful  that  an  apparently  firm  clot  is  not 
due  to  a  skin  over  the  surface  helow  which  the  blood  is  fluid.  It  is 
also  advisable  to  clean  out  the  cannula  carefully  liefore  drawing 
the  second  and  subsequent  samples  of  blood  in  order  to  prevent 
particles  of  clotted  blood  from  getting  into  the  test  sample. 

If  the  coagulation  time  is  found  to  l)e  uniform  at  7  to  10  min- 
utes, the  coagulant  can  then  be  injected  into  the  femoral  vein.  The 
first  evidence  of  shortened  coagulation  time  usually  does  not  ap- 
pear until  one-half  hour  after  administering  the  agent,  and  the 
maximum  effect  not  before  one  and  one-half  hotirs.  Between 
those  periods  a  sainple  of  blood  should  be  tested  every  fifteen  min- 
utes. This  sample  is  examined  to  observe  the  first  evidence  of 
fibrin  formation,  the  progress  of  clotting,  and  the  time  when  a 
solid  clot  is  formed  which  can  be  shaken  and  inverted  without 
showing  more  than  a  trace  of  fluid  blood. 

The  different  blood  coagulants  examined  have  given  variable 
results.*^  Some  have  appeared  to  be  inactive,  while  some  have 
shown  exceedingly  high  efficiency.  Clinical  or  other  corroborative 
tests  being  absent  in  soine  cases,  one  can  say  only  that  for  short- 
ening the  coagulation  time  of  normal  l)lood  a  combination  of  the 
factors  concerned  in  this  process  seems  to  be  most  efficient.  While 
in  many  cases  the  coagulation  time  was  shortened  to  one-sixth  or 
one-eighth  of  the  normal,  the  average  value  selected  for  purposes 
of  comi^arison  is  a  shortening  of  the  coagulation  time  to  one-third 
the  normal  for  that  animal,  the  amoiuit  injected  being  2  c.c.  to  a 
12  kg.  dog. 

The  method  here  described  is  an  clalxtration  ot  an  experiment 
by  Howell,"  who  tested  a  sam])le  of  cephalin  by  intravenous  admin- 
istration, finding  a  coagulation  time  shortened  l)y  one-tliird  to  one- 
half  the  normal  for  that  animal. 

.Some  ex])eriments  of  Drinker  and  Drinker'  might  suggest  that 
this  method  is  not  ap])licable  because  of  tlie  tendenc}'  of  hemor- 
rhages to  be  self-limiting.  The  experiments  of  Drinker  and  Drinker 
were  carried  out  very  differently,  however,  since  approximately  ten 
times  as  much  blood  in  proportion  to  the  size  of  the  test  animals 
was  used  in  their  ex])eriments  as  is  needed  for  this  method  of 
standardization. 
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That  repeated  withdrawals  of  relatively  small  quantities 
of  blood  do  not  affect  the  coagulation  time  materially  has  been 
demonstrated  not  only  intentionally  but  also  iiuoluntarily  as 
when  testing-  a  valueless  product.  From  do<^s  of  ap])roxi- 
mately  12  kilograms  weight,  '>  c.c.  of  blood  can  be  drawn  re- 
peatedly at  15  minute  intervals  or  less  over  a  period  of  1  to 
2  hours  with  no  other  e\  idence  of  disturbance  of  coagulation 
time  than  a  slight  irregularity.  l£xceptions  occur,  however, 
but  it  is  more  common  to  find  a  dog  which  does  not  react  to 
the  standard  dose  of  an  actixe  coagulant  than  to  observe  a 
shortened  coagulation  time  with  no  coagulant  injected. 

Charts  of  tests  are  attached  showing  these  phenomena. 
Being  a  ])hysiologic  test  it  is  subject  to  the  limitations  of  the 
test  animal.  Not  every  animal  is  adapted  to  this  test.  In 
the  same  way  some  frogs,  rats,  guinea-pigs,  and  dogs  are 
necessarily  rejected  in  other  ])hysiologic  tests  because  of  hav- 
ing exceptionally  high  or  low  resistance  to  the  agent. 

Animals  have  been  rejected  for  testing  purjioses :  (1)  Be- 
cause of  having  too  short  a  normal  coagulation  time:  it  should 
be  not  less  than  6  minutes.  (2)  Because  of  some  unrecog- 
nized factors  which  influence  the  coagulation  time  before  the 
agent  is  administered.  A  shortened  coagulation  time  on  the 
second  sample  of  blood  to  one-third  that  of  the  first  sample 
was  once  observed  when  not  more  than  10  c.c.  had  been  with- 
drawn from  a  12  kg.  dog.  (3)  Because  of  failing  to  react  to  an 
active  sample  of  a  coagulant,  whose  potency  had  been  demon- 
strated on  two  test  animals. 

Three  articles  have  recently  appeared  on  the  testing  of 
thromboplastic  agents,  two^  of  them  as  to  potency  and  one** 
as  to  the  danger  connected  with  the  use  of  such  agents. 

In  the  tests  for  potency,  Hanzlik  and  Weidenthal-*- ■'• -""■' 
were  unfortunately  deterred  from  applying  the  most  reliable 
test  for  such  agents,  namely,  the  physiologic  test  by  systemic 
administration.  They  incorrectly  quote  Howell  as  authority 
for  the  statement  that  hemorrhage  itself  tends  to  shorten  the 
coagulation  time  of  the  blood.  r3rinker  and  Drinker'  quoted 
by  Howell  had  shown  this  to  be  true,  but  Hanzlik  and  W'eiden- 
thal  failed  to  note  that  the  shortened  time  in  the  coagulation 
after  hemorrhage  was  where  the  hemorrhage  is  excessive,  as. 
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for  example,  an  approximate  loss  of  20  per  cent  of  the  blood 
at  one  time,  at  another  IK5  per  cent,  the  normal  coagulation 
time  being  shortened  by  one-sixth  and  one-eighth,  respectively. 

Hanzlik  and  Weidenthal*'P- -"^  in  their  experiments  ob- 
served a  shortening  in  the  coagulation  time  from  9  minutes 
to  -^4  minute  in  one  case  and  from  8  minutes  to  l-)4  minutes 
in  another.  No  data  arc  included  to  show  the  extent  of  the 
hemorrhage. 

In  my  own  experiments  no  such  procedure  was  adopted 
and,  except  rarely,  no  such  results  have  been  observed.  The 
total  amount  of  blood  drawn  for  observation  need  not  exceed 
5  per  cent  of  the  total  blood,  and  it  is  drawn  at  any  one  time 
in  an  amount  not  to  exceed  0.5  per  cent  of  the  total  blood. 
The  careful  withdrawal  of  this  quantity  does  not  affect  the 
coagulation  time. 

Tests  of  thromboplastic  agents  in  vitro  are  always  unreli- 
able and  not  to  be  compared  to  the  physiologic  test.  Activity 
/;/  z'itro  is  not  sufficient  evidence  on  which  to  base  the  conclu- 
sion that  in  the  body  a  similar  result  would  follow,  because  in 
the  circulating  blood  conditions  are  radically  different  from 
those  in  a  test  tube. 

This  is  well  illustrated  by  Hanzlik  and  Weidenthal,^  who 
obtained  no  satisfactory  results  from  any  thromboplastic  agent 
in  experiments  on  the  living  animal,  although  some  had  shown 
high  efficiency  when  tested  in  vitro. 

It  should  not  be  overlooked  that  with  few  exceptions  the 
thromboplastic  agents  tested  by  Hanzlik  and  his  associates 
have  been  submitted  to  the  Council  on  Pharmacy  and  Chem- 
istry and  accepted.  Failure,  therefore,  on  the  part  of  these 
agents  to  show  their  expected  effects  should  first  be  consid- 
ered from  the  point  of  view  of  the  method  by  which  it  was 
attempted  to  demonstrate  their  activity. 

Scarcely  second  to  this,  however,  should  be  the  question 
of  whether  the  nature  of  the  coagulant  is  such  as  to  be  gen- 
erally applicable  for  influencing  the  coagulation  time  of  the 
blood  both  in  health  and  disease. 

A  well  balanced  agent  containing  the  elements  essential 
for  blood  coagulation  under  all  conditions,  and  with  an  effi- 
ciency demonstrated  on  the  living  animal,  gives  an  assurance 
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of  value  not  to  be  derived  from  tests  on  serum  or  plasma  in 
the  test  tube. 

It  is  unfortunate  tliat  the  term  "Anaphylactoid  I'hcnom- 
ena"  should  have  been  used  in  connection  with  this  tliird 
investigation.®  One  might  assume  this  expression  to  mean 
phenomena  similar  to  anaphylaxis.  "Anaphylaxis  is  a  state 
of  unusual  or  exaggerated  susceptibility  to  a  foreign  protein 
which  sometimes  follows  a  primarv  injection  of  such  protein." 
(Richtet,  1893.) 

Ilie  investigators  state  that  these  pigs  were  unsensitized, 
and  further  show  by  the  experiments  that  only  one  dose  was 
injected  into  each. 

This  precludes  anaphylaxis,  and  we  are  forced  to  conclude 
that  nothing  resembling  an  anaphylactic  reaction  occurred. 
This  conclusion  is  verified  also  by  the  descriptions  of  the 
observed  reactions.  A\liich  in  the  case  of  Coagulen  containing 
no  i)rotein  or  only  traces  were  identical  with  those  from  others 
in  which  the  protein  precipitate  was  uncjuestionable. 

Attention  should  also  be  called  to  the  doses  used.  In  the 
case  of  hemostatic  serum  the  smallest  dose  per  gm.  used  by 
Hanzlik  and  his  coworkers^- p- -''^  was  15  times  as  large  as  the 
maximum  dose  calculated  over  a  period  of  24  hours  for  a 
human,  while  the  largest  dose  used  was  80  times  as  large. 
Hemostatic  serum  is  recommended  in  doses  of  1  to  3  c.c.  to 
be  repeated  in  extreme  cases  as  often  as  once  in  4  to  6  hours. 
The  largest  single  dose  used  in  clinical  ])ractice  is  '2  c.c*  which. 
when  calculated  as  Hanzlik  did  from  the  weight  of  a  00  kg. 
human,  is  0.000033  c.c.  per  gm.  The  largest  dose  used  for 
the  pig  was  0.016  c.c.  per  gm..  or  500  times  the  maximum  single 
dose  recommended  for  the  human.  If  there  were  any  lurking 
danger  of  anaphylaxis  from  administration  of  hemostatic 
serum  or  danger  of  poisoning  because  of  the  preservative  or 
any  other  poison  contained  in  it,  certainly  a  dose  of  500  times 
the  maximum  single  therapeutic  dose  should  have  killed  the 
animal.  But  in  their  whole  series*  only  one  animal  died 
within  36  hours.  This  death  was  from  a  brain  extract.  The 
others  were  all  killed  by  a  blow  on  the  head,  in  most  cases 
having  showm  no  serious  effects  other  than  those  to  be  ex- 


*Note:      In    certain   conditions,    ."i    c.c.    in    one    dose     is    recommended. — .\uthor. 
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pected  after  an  intravenous  injection.  This  s])eaks  well  for  the 
safety  of  hemostatic  aijents  in  chnical  jiractice. 

HanzHk  and  his  associates  in  their  conchisions''- ''• -'^  fail 
to  make  it  clear  that  any  one  factor  was  res])onsible  for  the 
observed  effects.  It  is  not  necessarily  the  protein  content,  for 
one  of  the  a.^ents  tested  contained  ])racticalh-  no  ])rotein. 
Neither  is  it  the  ]M-eservati\e.  for  this  same  agent  contained 
no  preservative  but  at  the  same  time  gave  the  most  pro- 
nounced reactions  described  as  anaphylactoid. 

It  is  logical  to  conclude,  therefore,  that  the  method  of  ad- 
ministration rather  than  the  character  of  the  agent  may  be 
responsible  for  the  distiu'bances  noted. 

Administered  intravenously  to  guinea-pigs  few  substances 
fail  t(^  produce  more  or  less  serious  disturbances  in  the  circu- 
lation and  res])iration.  such  as  were  observed  by  Hanzlik  and 
his  associates.  It  is  illogical,  however,  to  apply  the  term 
"ana])hylactoi(r'  to  these  phenomena  because  this  word  calls 
to  the  mind  of  the  physician  a  severe  reaction  and  occasional 
death  from  administration  of  antitoxin  to  a  sensitized  j^aticnt. 

SUMMARY. 

Without  attempting  entirely  to  discredit  attempts  to  esti- 
mate the  efficiency  of  thromboplastic  agents  in  vitro  or  by 
local  application  to  bleeding  wounds,  a  method  of  a  dififerent 
character  is  here  jjroposed  for  the  as  ay  of  such  agents. 

The  method  is  logical  l)ecause  it  duplicates  one  of  the  clin- 
ical methods  of  ai)plying  such  an  agent. 

The  results  of  the  potency  test  are  conclusive  since  the 
action  of  the  agent  on  the  test  animal  is  identical  with  its 
action  in  clinical  practice. 

Careful  observance  (jf  certain  precautions  which  have  been 
outlined,  such  as  are  necessary  in  all  forms  of  physiologic 
testing,  makes  this  method  the  most  dependable  for  the  Cjuan- 
titative  determination  of  the  efficiency  of  hemostatic  agents 
which  can  be  used  intravenously. 

PROTOCOLS  OF  IT^STS. 
In  the  ffjlhnving  tables,  the  first  column  of  figures  refers 
to  the  time  of  observation  of  the  sample  of  the  blood. 

At  the  head  of  the  columns  that  follow  is  the  actual  time 
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when  the  sample  of  blood  is  drawn  or  a  sample  of  coag'ulant 
is  injected. 

The  fijjures  below  the  lime  are  sxinbols:  1.  sis^nifies  begin- 
ning of  fibrin  formation;  2  and  ;^.  j)ro,<»-ressi\  e  clottini^  ;  4.  solid 
clot  when  tube  is  inverted. 
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Studies   from    the   Medical    Research    Laboratories, 

Parke,    Davis    &    Co. 

Reprint   No.   253,    1920. 

(Reprinted  from  the  Journal  of  the  American   Veterinary  Medical  Association, 
\'ol.    LVII,    N.   S.   Vol.    10.    No.    4.    Tuly.   1920.) 

STUDIES  ON  ANTHELMINTICS. 

IX — Santonin. 

By  Maurick  C.  Hall,  Ph.  D.,  D.V.IM. 

(•Parasitologist.    Medical    Research    Lalioratories,    Parke,    Davis   &    Co.,    Detroit,    Mich.) 

In  ])revi(ius  puhlication.s  the  writer  has  pointed  ont  tliat  .since 
.santonin  (Hffers  from  the  i^reat  majority  of  anthehnintics  in  that  it 
is  not  a  gastro-intestinal  irritant,  it  is  esi)ecially  ([nahfied  for  tise 
where  repeated  doses  of  an  anthehnintic  are  inchoated.  Moreover, 
in  the  amounts  in  which  santonin  is  commonh-  em])lo\ed.  repeated 
doses  are  much  more  effective  than  single  doses,  even  where  the 
latter  exceed  the  limits  of  the  commonly  used  therapeutic  dose. 
Of  the  worms  in  the  dog,  hookworms  and  whipworms  are  the  ones 
which  commonly  recjuire  repeated  doses  for  their  removal.  Of 
these,  the  hookworms  are  not  amenahle  to  treatment  with  santonin, 
a  fact  which  is  generally  known  and  which  the  writer  has  confirmed 
experimentally.  Whipworms,  however,  can  he  removed  by  san- 
tonin, and  in  the  writer's  opinion  santonin  finds  its  especial  indica- 
tion in  the  treatment  of  whipworm  infestations.  In  an  earlier 
paper  (Hall,  191T)  the  writer  has  stated  the  case  thus: 

"To  secure  results  from  santonin  it  is  necessary  to  repeat  the 
dose  a  ntnnber  of  times.  It  may  be  given  (for  ascarids),  1  grain 
of  santonin  and  1  grain  of  calomel  a  day,  as  often  as  necessary, 
having  due  regard  for  its  effect  on  the  patient,  and  especially  on 
the  kidneys,  and  in  some  instances  this  method  might  be  ])referred 
to  the  administration  of  a  single  dose  of  oil  of  chenopodium,  but 
for  certainty  of  results  and  saving  of  time,  chenopodium  is  the  pre- 
ferred treatment.  The  treatment  just  outlined,  1  grain  of  santonin 
and  calomel  daily  over  long  periods,  is  a  very  efifective  treatment 
for  the  removal  of  whipworms,  as  only  an  occasional  do.se  of 
anthelmintic  enters  the  cecum,  where  these  worms  are  lodged,  and 
treatment  miist  be  re])eated  to  insure  removal  of  these  worms. 
Santonin  is  of  no  value  against  hookworms,  even  in  oft-repeated 
doses." 


'Resigned  March   27,    r,»l!». 
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The  followiiiii;  experiments  in  adniinisterini;^  santonin  to  dogs 
illustrate  the  i)oints  just  mentioned. 

In  siuii^le  dose  : 

Dog  No.  1T8,  weighing  T.TT)  kilos  (IT  pounds),  was  given  san- 
tonin at  the  rate  of  half  a  grain  per  pound  of  live  weight,  or  8.5 
grains.  This  is  the  dose  rate  used  hy  some  veterinarians  and  is 
very  much  higher  than  that  given  hy  W'inslow  (1  to  -"J  grains). 
The  dog  received  an  equal  amount  of  calomel.  This  dog  passed 
either  ~u  or  20  ascarids.  ])robahly  20  (the  feces  of  this  dog  and 
another  were  confused  when  both  animals  escaped  from  their 
cages).  On  ]>ost-mortem  examination  this  animal  had  12  ascarids 
and  1  Dipylidiuiti.  This  large  dose  of  santonin  was  therefore  <)2.") 
per  cent  (or  S;5  ])er  cent)  effective  against  ascarids  and  0  per  cent 
effective  against  Dipylidium. 

In  repeated  doses  ■} 

Dog  No.  110,  weighing  13.6  kilos,  was  given  a  grain  of  calomel 
and  a  grain  of  santonin  daily  for  a  total  of  G  grains  of  each  in  T 
days.  The  dog  passed  no  worms  and  was  found  to  have  2  whip- 
worms post-mortem.  Six  doses  were  insufficient  in  this  case  to 
insure  entry  of  the  drug  into  the  cecum,  and  the  treatment  was  0 
per  cent  effective  against  whipworm. 

Dog  No.  Ill,  weighing  10  kilos,  was  given  the  same  treatment 
and  for  the  same  length  of  time  as  the  preceding  dog,  No.  110. 
This  dog  passed  33  ascarids  in  the  (>  days  following  the  first  dose, 
and  on  post-mortem  was  found  to  have  1  ascarid  and  1  whipworm. 
Six  doses  were  insufficient  to  insure  entry  of  the  drug  into  the 
cecum  or  the  removal  of  all  ascarids  present.  The  treatment  was 
97  per  cent  effective  against  ascarids  and  0  per  cent  effective  against 
whipworms. 

Dog  No.  108.  weighing  !)..")  kilos,  was  given  the  saiue  treatment, 
1  grain  each  of  santonin  and  calomel  daily,  for  a  total  of  12  grains 
in  14  days.  On  the  second  day  after  beginning  treatment  the  dog 
pas.sed  the  thick  posterior  portion  of  a  whipworm  and  on  the  third 
day  passed  the  thin  anterior  end  which  is  habitually  found  sewed 
into  the  mucosa,  .showing  that  following  the  toxic  effect  on  the 
worm  peristalsis  had  apparently  torn  the  free  portion  of  the  dead 
worm  from  the  attached  portion,  the  attached  portion  subsequently 
becoming  released  and  passing  out  a  day  later.     On  post-mortem 


'This   set    of    protocols   wa.s    published   by    Hall    (1919). 
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the  (U)g  was  found   free  from  \vonn>,  the  treatineiit  l)C'injj;  at  an 
early  stage  100  per  cent  effective  against  \vhi])\vornis. 

Dog  No.  Tl.  weighing  12  kilos,  was  given  daily  doses  of  1 
grain  each  of  santonin  and  calomel,  approximately  2  days  out  of 
every  3.  for  a  total  of  (il  grains  in  '^  months,  .\fter  1  doses  the  dog 
passed  1  whipworm.  Post-mortem  the  dog  had  '^2  hookworms  and 
4  DIpylidimii.  The  treatment  was,  therefore.  lOO  per  cent  effective 
against  whipworms  and  0  ])C'r  cent  ettective  against  hookworms  and 
Dipylidium.  The  fact  that  over  a  dram  of  santonin  was  without 
effect  on  hookworms  or  tapeworms  is  rather  conclusive  evidence 
as  to  its  entire  lack  of  efficacv  against  these  worms. 

Dog  Xo.  120.  weighing  1 ;]..")  kilos,  was  given  .1  grains  each  of 
santonin  and  calomel  daily  for  a  total  of  25  grains  in  (!  days.  This 
dose  invariably  caused  vomiting  in  the  course  of  a  half-hour,  so 
the  daily  dose  was  cut  to  2.")  to  •"}.•')  grains  and  !>  such  doses  given 
in  the  next  10  days  for  a  total  of  2."). 5  grains.  The  dog  was  given 
a  total  of  oO.T)  grains  in  1(5  days,  an  average  of  over  ;}  grains  a  day 
The  third  day  after  the  hrst  dose  the  dog  j^assed  14  whi])worms 
and  was  free  from  worms  post-mortem.  The  treatment  was  there- 
fore 100  per  cent  effective  against  whipworms. 

Santonin  combined  with  oil  of  chenopodium  : 

Dog  No.  306,  weighing  13.5  kilos,  was  given  1  dose  of  3  grains 
each  of  santonin  and  calomel,  and  oil  of  chenopodium  at  the  rate 
of  0.1  m.  \).  k.  (  mil  ]ier  kilo  ).  'i'his  treatment  removed  43  ascarids 
and  left  5  Dipylidiuti,.  Efficacy  against  ascarids.  100  per  cent; 
against  Dipylidium.  0  per  cent. 

Dog  No.  308,  weighing  1  t  kilos,  was  given  2  grains  each  of 
santonin  and  calomel,  and  oil  of  chenopodium  at  the  rate  of  0.05 
m.  ]).  k.  The  dog  passed  1  ascarid,  and  on  post-mortem  was  found 
to  have  1  ascarid  left.  The  treatment  was,  therefore,  only  50  per 
cent  effective  against  ascarids.  This  experiment  does  not  indicate 
any  synergistic  action  from  the  simultaneous  use  of  santonin  and 
chenopodium.  Sollmann's  (1918)  tests  on  earthworms  in  vitro  did 
not  indicate  that  synergistic  action  is  to  be  expected.  As  has  been 
stated,  santonin  does  not  develop  high  efificacy  in  single  doses,  even 
in  large  doses,  and  gives  its  best  results  by  what  seems  to  be  a 
cumulative  action  against  such  worms  as  ascarids.  As  regards 
chenopodium.  the  therapeutic  dose  against  ascarids  is  0.1  m.  p.  k. ; 
the  dose  used   here    (0.05   m.   ]>.   k.)    is   commonly    100   per  cent 


a02 

eltective.  ilioujL;h  not  dciKMidalily  so.  as  the  close  of  OJ  in.  ]>.  k.  may 
be  said  to  be. 

Dog  Xo.  'MO.  weighing  8  kilos,  was  given  1  grain  each  of  san- 
tonin and  calomel,  and  oil  of  chenopodium  at  the  rate  of  O.O.") 
m.  p.  k.  The  dog  passed  6  ascarids  and  had  28  Dipylidimn  post- 
mortem. The  treatment  was  100  per  cent  eifective  against  ascarids 
and  0  per  cent  elTective  against  Dipylidimn. 

Dog  Xo.  1.").  weighing  !•  kilos,  was  given  <J  grains  each  of  san- 
tonin and  calomel,  •^•"»  minims  of  oil  of  chenopodium  (almost  0.2 
m.  p.  k.).  and  0.1  grain  of  elaterin.  The  dog  passed  3  ascarids 
and  had  3  Dipylidium  post-mortem.  The  treatment  was  100  per 
cent  effective  against  ascarids  and  0  jier  cent  effective  against 
Dipylidium. 

An  examination  of  the  foregoing  protocols  indicates  that  in 
single  dose  santonin  fails  to  show  a  very  high  anthelmintic  value 
against  ascarids.  even  when  used  in  doses  of  a  half-grain  per 
pound  of  live  weight.  The  protocols  show  that  in  repeated  doses 
it  manifests  what  appears  to  be  a  cumulative  action  against  ascarids, 
gradually  clearing  them  out.  Repeated  daily  doses  of  1  grain 
each  of  santonin  and  calomel  will  ultimately  clear  out  whipworms. 
This  may  not  be  accomplished  in  the  course  of  a  week  in  some 
cases,  and  it  would  perhaps  be  advisable  to  give  this  treatment  for 
1  week,  suspend  treatment  for  a  week,  and  then  repeat  for  a  week. 
The  assurance  of  a  cure  would  have  to  be  obtained  from  fecal 
examinations  for  eggs;  generally  speaking,  the  diagnosis  of  whip- 
worm infestation  would  be  made  in  the  same  way.  The  protocols 
suggest  that  a  successful  termination  to  treatment  for  whipworms 
by  rei)eated  doses  might  be  hastened  by  giving  larger  doses  of 
santonin  daily.  \\'hether  one  cared  to  give  the  larger  doses  would 
depend  partly  on  his  judgment  as  to  whether  it  was  safe.  So  far, 
all  our  experience  with  santonin  has  indicated  that  it  is  quite  a  safe 
drug  for  dogs  in  the  doses  commonly  employed;  we  have  yet  to 
see  a  dog  killed  with  the  drug,  and  the  protocols  show  that  the 
doses  employed  are  in  some  instances  rather  large  when  compared 
with  those  commonly  advocated  for  dogs. 

Winslow  (1913)  .says:  "While  •")  to  G  grains  induce  symptoms 
of  poisoning  in  dogs,  J^  to  1  dram  has  often  failed  to  i)roduce  a 
fatal  result.  .  .  .  Santonin  is  very  slowly  absorbed  from 
the  intestines  and  is  oxidizecl  in  the  tissues  and  eliminated  as 
oxvsantonins." 
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The  protocols  show  that  saiitdiiiii  is  enlirely  withdut  vahie 
against  hookworms  and  Dipylidiuiii,  the  use  of  over  a  dram  of 
santonin  in  ;5  months  having  no  etTect  on  hookworms  and  I)ip\- 
lidiion  in  the  case  of  dog  No.  11.  and  the  use  of  half  a  grain  per 
pound  having  no  effect  on  Dipylidiuiii  in  the  case  of  dog  No.  178. 

In  passing,  it  may  he  noted  that  llall  and  JH)ster  (  1!)18)  found 
that  santonin  in  the  I-  to  -"i-grain  doses  was  only  21  per  cent 
effective  against  ascarids,  the  efficacy  rising  when  two  doses  were 
given  instead  of  one.  They  likewise  found  santonin,  under  these 
conditions,  entirely  ineffective  against  hookworms  and  tapeworms, 
and  only  7  ]:)er  cent  effective  against  whipworms.  These  findings 
are  in  agreement  with  those  puhlished  here. 

In  connection  with  the  administration  of  large  amounts  of  san- 
tonin, it  is  interesting  to  note  that  in  the  case  of  dog  No.  1 1 ,  which 
received  a  little  over  a  dram  in  the  course  of  3  months,  the  animal's 
weight  dropped  from  12  kilos  to  10  kilos  in  1  month;  to  !*  kilos  in 
T  weeks ;  and  rose  slightly,  to  9]/^  kilos,  1  week  hefore  the  animal 
was  killed.  This  dog's  eyes  were  very  luminous,  and  the  effect 
was  heightened  by  the  fact  that  the  hair  came  out  over  a  fairly 
wide  area  around  the  eyes.  There  was  also  a  pronounced  loss  of 
hair  along  the  ventral  surface  of  the  neck  and  abdomen  and  in 
the  axillary  and  inguinal  regions.  Sores  formed  aroimd  the  nose. 
The  dog  was  very  active.  In  s])ite  of  the  large  amount  of  santonin 
administered,  the  digestive  tract  was  normal  except  for  a  few 
small  inflamed  areas  in  the  jejunum,  the  drug  manifesting  its  cus- 
tomary lack  of  irritant  qualities.  Dog  No.  120,  which  received  50.5 
grains  of  santonin  in  IT  days,  had  a  normal  digestive  tract. 

Under  the  initials  S.  A.  K.  ( 1919),  a  writer  has  recently  raised 
the  question  as  to  the  advisability  of  using  santonin  in  human  cases 
where  fever  is  present,  as  follows : 

*T  have  met  with  ...  a  variety  of  cases  with  high  fever 
and  history  of  vomiting  or  having  passed  a  worm  or  two  ])er  rec- 
tum. I  want  to  know  whether  santonin  can  be  given  when  the 
fever  is  over  102  degrees.  If  not,  what  else  should  be  tried?  I 
used  santonin  in  fever  with  fatal  results.  The  fever  does  not  sub- 
side for  days  together  with  any  remedies.  In  such  cases,  knowing 
as  I  do  that  the  cases  are  comi)licated  with  worms.  I  am  at  a  loss 
to  know  how  to  give  relief  to  my  jxitients."' 

I  have  elsewhere  expressed  the  oi)inion  that  febrile  conditions 
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are  contraindications  to  anthelmintic  treatment.  'Inhere  miu^lit  be 
cases  where  it  would  he  advisahlc  to  use  anthelmintic  measures 
during  the  course  of  a  febrile  disease,  hut  1  doubt  it.  h'ebrile 
conditions  indicate  the  j)resence  of  toxins,  and  the  administration 
of  additional  tc^xic  material  in  the  shai)e  of  anthelmintics  would 
commonly  be  unwarranted.  .\s  regards  the  effect  of  the  santonin 
on  the  temperature  of  the  patient,  our  exj^erimcnts  show  the  fol- 
lowing results : 

Dog  71  started  with  an  initial  temperature  of  100.8°  F. ;  after 
a  slight  rise,  this  began  falling  and  went  to  !)!).()°  in  a  week;  there 
followed  a  gradual  and  irregular  rise,  reaching  a  maximum  of 
102.4°  in  .'>  weeks;  following  a  gradual  4-day  drop  to  a  little  over 
100°.  the  temperature  jumped  to  over  102°  and  gradually  fell  to  a 
minimum  of  99.1°  .1  weeks  after  the  beginning  of  treatment ;  there- 
after the  temperature  maintained  a  range  between  100°  and  101° 
almost  all  the  rest  of  the  time. 

The  slight  initial  rise  in  temperature  following  administration 
of  santonin  is  duplicated  in  the  case  of  4  out  of  -">  remaining  dogs. 
Following  this  there  is  a  drop  and  then  the  temperature  fluctuates, 
but  in  these  experiments  the  temperature  rarely  deviated  from  the 
normal  range,  and  then  the  deviation  was  small  as  a  rule.  San- 
tonin apparently  has  1)ut  little  effect  on  the  temperature  of  the 
normal  animal.  Dog  No.  71  showed  little  deviation  from  the  range 
of  99.5°  to  102.2°  given  by  Malkmus  as  the  normal  for  dogs,  and 
dog  No.  112  did  not  even  reach  these  limits  of  deviation;  these 
were  the  dogs  receiving  over  (>()  anrl  over  •")()  grains  of  santonin, 
respectively. 

In  passing,  the  following  facts  from  the  C'liriiiisf  and  !h-i(</(/ist 
are  of  interest : 

Some  twelve  years  ago  Germany  ac(|uired  a  monoj)o]v  of  the 
.santonin  inclustry  in  4'urkestan.  and  Flamburg  was  a  center  of  the 
distributing  trade.  During  the  war  exportation  from  Russia  has 
been  in  the  hands  of  one  firm.  There  is  only  one  factory  jiroducing 
santonin,  and  that  is  near  Tashkent  in  Russian  Turkestan.  It  now 
develops  that  for  several  years  past  no  wormseed  has  been  collected 
anfl  that  for  15  months  manufacture  has  practically  ceased.  This 
is  attributed  to  an  acute  famine  which  has  prc\ailed.  lack  of  lrd)or, 
and  insufficient  cro])s  of  wormseed.  There  has  also  been  a  shortage 
of  hydrochloric  acid,  which  is  used  in  the  i)r()cess  of  manufa<:ture. 
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These  factors  liave  caused  a  cdiisiderahk-  ^horta.^e  in  santonin,  and 
even  after  the  war  is  finished  and  communications  reestab'ished.  it 
will  require  one  or  two  years  before  the  Turkestan  factory  is  able 
to  resume  its  normal  annual  output  of  S.OOO  to  K). ()<•()  kilos. 
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Studies    from    the   Medical    Research    Laboratories, 

Parke,    Davis    &    Co. 

Reprint   No.    254,    1920. 

(Reprinted    from   the   Jountal   of  the   American    Pharmaceutical   Association, 
Vol.    IX,    No.    0,    June,    1920.) 

BIOLOGIC  ASSAYING:   ITS  SCOPE  AND  LIMITATIONS.- 

Bv  HEKiiia<T  C.  Hamilton. 

To  many  of  you  this  subject  of  bioloijic  stcuularclizatu.n 
may  seem  hackneyed  and  time-worn.  Among  my  earliest 
recollections  in  connection  with  this  subject  was  a  contro- 
versy between  the  representatives  of  two  pharmaceutical  man- 
ufacturing firms  as  to  whether  it  is  possible  to  make  the  test 
quantitative,  neither  party  questioning  its  truly  ([ualitative 
character  when  properly  applied. 

Now.  h()we\er,  the  cpiestion  seems  to  have  advanced  a 
l)oint.  It  is  ap})arently  doubtful  in  some  minds  whether  it  is 
even  qualitative.  It  was  stated  recently  that  "If  you  would 
know  the  effect  of  a  drug  on  a  human  it  must  be  tested  on  a 
human  ;  this  cannot  be  deduced  with  any  degree  of  certainty 
by  its  action  on  one  of  the  lower  animals." 

Is  there  any  excuse  for  continuing  an  apparently  profitless 
discussion?  lliere  is  more  than  an  excuse,  there  is  a  reason 
and  a  vital  one.  To  each  of  us,  either  for  himself  or  for  some 
one  near  and  dear  to  him,  it  is  a  vital  question,  since  few  of 
us  are  fortunate  enough  to  escajje  the  physician  and  the 
druggist. 

If  you  respond  that  most  of  the  drugs  we  use  are  standard- 
ized chemically  or  are  so  harmless  that  they  need  no  standard- 
ization, it  is  really  a  strong  point  for  biologic  standardization, 
for  why  should  any  powerful  agent  be  left  to  chance  if  a 
method  can  be  applied  by  which  a  uniform  product  results? 

Is  there  any  less  reason  why  the  physician  and  the  patient 
should  be  able  to  purchase  standardized  digitalis,  ergot  or 
antitoxin  than  for  us  to  be  able  to  buy  standardized  solutions 
of  strychnine  or  moq)hine? 

But  some  will  say  that  standardization  of  digitalis  does  not 


*Read  before   Scientific  Section,  A.   I'll.  A.,  City  of  Washington  meeting,   1920. 
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insure  potency  when  }i)u  l)uy  it  some  months  or  years  after- 
wards, l^nt  it  does  insure  the  marketing  of  a  unift)rni  prod- 
uct from  a  drug  which  is  highly  variable. 

Digitalis  grows  under  many  \  arying  conditions  of  climate, 
season  and  soil,  sometimes  cultivated,  sometimes  not.  The 
time  o\  gathering,  the  method  and  efficiency  of  the  drying, 
the  extraction,  all  may  influence  the  activity  of  the  final  ex- 
tract. Should  this  be  left  to  chance  if  it  is  possible  to  make  it 
a  certainty? 

But.  }ou  may  re])ly  by  the  question  "How  much  certainty 
is  there  when  the  basis  of  the  test  is  only  that  the  drug  will 
kill  a  dog.  cat.  pig.  frog  or  goldfish?"  That  question,  how- 
ever, is  really  beside  the  point.  The  question  of  killing  is 
unimportant;  it  is  the  amount  that  kills  and  the  character  of 
the  death.  If  two  tinctures  of  digitalis  are  tested  on  cats  or 
frogs  and  one  is  found  to  kill  with  one-half  the  dose  required 
for  the  other,  which  would  the  physician  choose?  Or,  if  two 
tinctures  are  tested  on  frogs  and  one  stops  the  heart  in  systole 
while  the  other,  although  equally  toxic,  consistently  leaves 
the  heart  in  diastole,  and  wdien  tested  on  the  laid-bare  heart 
does  not  slow  the  rhythm,  one  must  conclude  that  there  is 
little  digitalis  in  the  solution.  The  latter  may  contain  some 
digitalis  activity  and  is  certainly  toxic,  but  from  causes  other 
than  the  digitalis  glucosides.  This  case  is  not  a  ])robable  one, 
but  it  is  always  possible. 

But  \-ou  say  again,  wdiat  connection  is  there  between  the 
dose  that  will  kill  a  frog  and  the  therapeutic  dose?  None 
whatever !  Neither  is  there  any  connection  between  the 
amount  of  acid  used  in  titrating  an  alkaloid  and  the  dose 
of  the  alkaloid  in  any  particular  case.  The  conditions  are 
parallel,  except  that  in  the  chemical  assay  it  is  ])ossible  to  have 
a  reagent  of  known  strength  or  purity,  wdiile  in  the  biologic 
assay  the  reagent — the  animal — is  a  variable  factor  and  must 
be  checked  up  for  its  sensitiveness  at  time  of  assay. 

A  knowledge  of  pharmacology  must  precede  biologic 
assaying.  The  drug"  must  first  be  studied  carefully  on  animals 
to  determine  in  what  respects  it  is  most  active  if  it  has  more 
than  one  typical  efifect.  .Among  these  efifects  (Mie  is  to  be 
selected  as  being  typical  and  measurable,  that  is.  sliowing 
degrees  of  activity  dependent  on  the  size  of  the  dose. 
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But.  you  say,  pharmacoloj^ists  do  not  agree  among  them- 
selves !  They  are  not  able  to  decide  which  is  the  most  accurate 
test.  That  is  unfortunately  true.  This,  however,  may  not 
be  a  serious  objection,  for  each  investigator  uses  tlu-  nu-lhod 
best  adapted  to  the  equipment  of  his  laboratory  rind  to  his 
mental  attitude. 

It  is  not  illogical  at  this  point  to  note  some  of  the  different 
reactions  which  follow  the  administration  of  drugs. 

Digitalis  slows  and  strengthens  the  heart-beat  and  raises 
blood  ])ressure  by  its  action  on  the  arterial  walls.  In  toxic 
doses  it  causes  arrhythmia,  heart-block,  and  finally  death. 
In  frogs  the  heart  stops  in  systole  with  a  dose  somewhat  less 
than  that  which  catises  death.  At  death  the  heart  is  in  systole, 
which  is  typical  of  the  digitalis  series  of  heart  tonics.  Ergot 
both  raises  and  lowers  blood  pressure  because  it  contains 
principles  which  have  opposite  effects.  It  causes  stasis  of 
blood  in  the  vessels.  It  acts  on  the  uterus  muscle,  causing 
contraction.  Cannabis  sativa  causes  typical  intoxication  in 
dogs  with  incoordination,  one  of  the  most  characteristic  fea- 
tures, with  lowering  of  temperature  and  drowsiness. 

It  is  evident  from  the  above  why  pharmacologists  differ 
in  their  opinions  as  to  which  effect  is  most  typical  or  capable 
of  inost   exact  measurement. 

But  a  still  more  serious  objection  has  been  voiced — that 
one  cannot  conclude  from  the  action  of  a  drug  on  animals 
what  its  action  will  be  on  man. 

Partly  true  again.  But  can  one  be  certain  that  any  drug 
will  invariably  have  the  same  effect  on  one  human  that  it 
had  on  another?  Answering  the  objection  that  the  test  and 
the  clinical  results  are  unlike  is  best  done  by  illustration. 
Antitoxin  for  diphtheria  neutralizes  the  toxins  of  the  disease. 
That  is  practically  its  only  function.  It  is  assayed  by  neu- 
tralizing a  toxin.  The  potency  of  the  unneutralized  toxin  is 
determined  on  pigs ;  then  its  decreased  potency  is  measured 
after  partial  neutralization,  known  amounts  of  the  toxin  being 
treated  with  different  amounts  of  the  antitoxin  until  its 
potency  is  destroyed. 

Pituitary  extract  activity  is  measured  by  its  constricting 
action  on  muscular  tissue,  the  stronger  the  solution  the  greater 
the  constricting  action.     It  is  measured  on  the  uterus  muscles 
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because  it  is  used  clinically  to  liring-  about  contractions  of 
this  i^articular  muscle.  It  is  also  measured  on  the  muscles 
of  the  arteries  because  clinically  it  has  application  to  over- 
come the  collapse  following-  operations.  Idiis  seems  to  be 
directly  dependent  on  the  blood  pressure. 

Adrenalin  and  suprarenal  extracts  are  not  on!}-  used  but 
also  standardized  as  hemostatic  agents.  All  through  the  list 
of  the  biologically  tested  drugs  the  same  rule  holds  good — the 
method  of  testing  runs  closely  ])arallel  with  some  use  of  that 
drug  in  therapeutics.  The  only  important  dilTerence  is  that 
while  the  biological  assay  is  based  on  the  same  reaction  that 
gives  the  drug  its  therapeutic  value,  the  therapeutic  dose  is 
often  small  in  proportion  to  the  assay  doses :  the  latter  must 
produce  an  extreme  effect  observable  in  a  short  time,  the 
therapeutic  dose  an  almost  intangible  immediate  effect. 

The  logic  of  this  objection  is  at  fault  because  of  confusing  a 
quantitative  assay  with  a  qualitative  or  pharmacologic  study  of  a 
drug.  It  must  not  be  overlooked  that  the  assay  process  is  not  a 
qualitative  study.  The  ])harmacology  of  the  drug  must  have  been 
studied  first  just  as  qualitative  precedes  quantitative  analysis. 

About  this  time  some  erne  should  say  "But  you  pharmacologists 
are  always  saying  how  uncertain  the  biologic  test  is  because  the 
animal  may  not  react  properly  just  when  you  want  it  to!"  True, 
alas,  curses  come  home  to  roost !  Rut  in  extenuation  of  this  remark 
it  must  be  observed  that  if  the  one  animal,  or  set  of  animals,  fails 
to  react  properly,  we  are  apt  to  paraphrase  the  expression  about 
the  ''perversity  of  inanimate  things''  and  try  again.  It  should  not 
be  overlooked  that  tests  on  the  human  sometimes  do  not  ]iermit  of 
a  second  trial. 

But  how  about  the  chemical  test?     Does  it  never  go  wrong? 

Some  years  ago  Haskell,  examining  some  tinctures  of  aconite, 
all  of  which  were  adjusted  to  standard  by  chemical  assay,  found 
that  they  differed  greatly  in  activity  when  tested  on  animals.  One 
was  10  times  as  strong  as  the  weakest  one.  But  they  looked  alike 
and  the  alkaloidal  content  was  almost  identical  in  all  of  them.  The 
alkaloid,  while  retaining  its  characteristic  chemical  properties,  had 
evidently  suffered  some  change  which  lowered  its  toxicity  and  also 
its  therapeutic  value.  Clinical  results  are  difficult  to  obtain  with 
a  drug  of  this  character.  Would  you  still  say  that  one  cannot 
deduce  the  physiologic  action  from  the  effect  on  the  guinea-pig? 
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Has  biologic  assaying  any  limitations?  Alas,  yes!  Not  only 
do  animals  act  erratically,  sometimes  responding  to  the  drug  with 
small  doses  and  remaining  immune  to  large  ones  in  a  truly  human 
way,  but  we  are  at  times  obliged  to  ignore  tlie  most  ])r()mising  re- 
action of  a  drug  because  the  effect  is  not  measurable.  For  example, 
digitalis  as  a  pressor  agent,  strophanthus.  to  measure  its  action  on 
the  heart  directly,  squill  as  an  expectorant;  even  for  the  drugs 
commonly  tested  chemically  we  occasionally  could  use  to  advantage 
a  measurable  I^iologic  test  as  a  check  but  have  no  tyjjical  effect  of 
this  character. 

Rushy  says  that  many  are  .skeptical  as  to  whether  the  drug  with 
the  greatest  power  to  kill  a  dog  has  the  most  value  for  curing  a 
man.  Thus  baldly  stated,  the  comment  places  biologic  as.say  in  an 
awkward  light.  Chemical  tests  may  be  more  accurate,  but  it  is  no 
more  difficult  to  show  them  to  a  disadvantage  than  to  make  a  dis- 
paraging statement  abotU  the  biologic  tests. 

Which  test  gives  more  assurance,  to  weigh  or  titrate  the  alka- 
loid or  to  test  its  activity  on  an  animal  in  the  same  sense  that  it  is 
active  as  a  medicinal  agent?  The  opium  content  of  a  solution  is 
measured  by  the  amount  of  sulphuric  acid  required  to  neutralize, 
while  the  identification  of  the  active  agent  depends  on  the  color 
developed  when  in  contact  with  the  concentrated  acid. 

To  the  uninitiated  would  it  not  be  more  reassuring  if  he  were 
informed  that  a  solution  containing  opium  is  identified  by  its  seda- 
tive action  on  the  dog  and  its  potency  measured  l)y  the  amount 
required  to  put  the  dog  to  slee])  in  comparison  with  that  of  ])ure 
morphine  or  opium  alkaloids? 

The  scope  of  biologic  assaying  is  sharply  defined  with  no  func- 
tion other  than  to  measure  the  efficiency  of  remedial  agents,  which 
must  otherwise  remain  of  unknown  potency. 

The  applicability  of  biologic  tests,  however,  is  unlimited  if 
taken  in  the  qualitative  sense.  By  no  other  means  can  one  more 
certainly  identify  the  active  agent  of  a  drug  or  determine  whether 
a  drug  has  an  active  principle. 

For  example,  in  working  with  a  solution  containing  strychnine 
it  can  readily  be  determined  by  tests  on  animals  whether  a  certain 
chemical    mani])ulation   has   affected    the   active   agent   materially. 

Biologic  tests  have  still  another  function  which  is  twofold. 
For  example,  a  statement  was  recently  made  that  "The  daily  proof 
of  the  poor  absorbability  of  strophanthus  is  had  in  the  fact  that 
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the  dose  given  in  the  rharniacopceia  is  the  same  as  that  for  digitalis, 
though  the  Pharmacoixtia  requires  that  strophanthus  shall  be  just 
one  hundred  times  as  active  as  digitalis.'' 

This  investigator  failed  to  distinguish  between  two  methods  of 
administration  which  gives  the  complete  explanation  of  this  appar- 
ent phenomenon.  Digitalis  by  mouth  is  less  readily  broken  up  in 
the  stomach  than  is  strophanthus,  which  must  be  administered  in 
a  relatively  enormous  dose  in  order  that  any  may  be  absorbed 
before  being  acted  on  l)y  the  digestive  ferments.  When  the  active 
agents  are  intravenously  administered,  for  example,  into  cats, 
dogs  or  ])igs.  comparable  to  that  used  in  applying  the  frog  assay 
method,  or  the  cat  method,  the  ratio  of  activities  is  not  greatly 
different  from  the  U.  S.  F.  Standards. 

This  is  a  pharmacologic  experiment  which  clearly  demonstrates, 
hrst.  the  api)roximate  correctness  of  the  assay  process;  second, 
the  proper  method  of  using  the  different  members  of  the  digitalis 
series  to  get  the  full  activity,  promptly  and  without  cumulative 
effects.  Without  animal  ex])erimentation  neither  of  these  facts 
could  have  been  demonstrated. 

Careful  scrutiny  of  the  ground  which  should  be  covered  by  the 
biologic  assay  processes  and  eliminaticm  of  features  which  have  no 
place  there  will  do  much  to  clear  away  certain  logical  criticisms. 

Pharmacology  is  the  study  of  the  action  of  drugs  by  use  of 
animals. 

Biologic  assaying  is  the  use  of  animals  as  a  means  of  standard- 
izing drugs  by  comparing  the  action  of  two  samples  of  the  same 
drug,  one  of  which  is  of  known  activity. 

If  we  adhere  strictly  to  this  definition  of  the  biologic  assay  it 
will   eliminate  most   of   the   objections   which   have   been    raised. 

There  is  no  crying  demand  for  information  based  on  animal 
experimentation  as  to  proper  human  dosage.  Each  individual  is 
a  separate  problem  for  the  physician  and  no  elaborately  worked-out 
dosage  on  the  cat  or  other  animal  is  of  more  than  academic  interest. 
But  every  one  who  is  familiar  with  the  variability  of  the  crude 
drug  and  with  the  opportunities  for  errors  and  loss  in  preparing 
extracts  knows  that  some  method  of  standardization  must  be  ap- 
plied if  possible.  And  what  is  more  logical  than  a  biologic  test 
which  not  only  measures  effectiveness,  although  sometimes  crudely, 
but  also  follows  closely  the  therapeutic  action  of  the  drug? 
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Reprint   No.   255,    1920. 

(Keiiriiitcd   from  the  Bulletin   of  Pharmacy,  Vol.   XXXIV.   No.   6,  June,    1920.) 

ADULTERATION  OF  AMERICAN  CENTAURY  AND 
MAIDENHAIR  FERN. 

Bv  Oliver  Atkins  F.arwell,  Detroit,  Mich. 

Deliberate  adulteration  of  crude  drugs  i.s  something  seldom 
met  with,  but  it  has  been  my  experience  lately  to  detect  instances 
that  bear  strong  indications  of  such  a  practice. 

Three  bales  of  American  centaury  weighing  472  pounds  con- 
tained just  113  pounds  of  drug  true  to  name.  There  were  two 
adulterants — Rlie.ria  virginica  Linn  and  Stylosantlics  hiflora 
(Linn)  K.  S.  P.  What  more  particularly  points  to  a  deliberate 
sophistication  is  the  fact  that  all  three  species  involved  were  defi- 
nitely distinct,  one  from  another ;  that  is  to  say,  they  were  not 
indiscriminately  mixed,  but  each  species  occupied  a  distinct  layer 
by  itself. 

In  these  bales  the  stylosanthes  occupied  the  middle  portion; 
the  true  American  centaury  was  confined  to  the  outermost  layer  so 
as  to  completely  hide  the  adulterants,  which  were  not  at  all  dis- 
cernible, in  any  of  the  bales,  from  the  exterior  ;  the  rhexia  occupied 
the  space  between  the  other  two  plants.  It  must  have  cost  the 
ones  who  did  the  sophisticating  considerable  time  and  no  little 
ingenuity  to  build  up  the  bales  after  this  fashion  without  getting 
any  two  of  the  species  intermixed. 

Neither  of  the  adulterants  bears  sufficient  resemblance  to  the 
American  centaury-  to  permit  of  either  being  intermixed  without 
instant  detection ;  hence  the  attempt  at  concealment. 

In  the  case  of  the  maidenhair  fern  the  adulteration  was  of  a 
somewhat  diflferent  character  but  no  less  interesting. 

A  layer  of  drug  alternated  with  a  shovelful  of  coarse  gravel  in 
regular  succession.  There  were  five  bags,  the  total  weight  of  which 
was  increased  50  pounds  by  having  the  gravel  distributed  in  the 
manner  outlined.    Each  shovelful  of  gravel  was  depo-ited  as  nearly 
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as  possible  in  the  middle  of  each  layer  of  (IrujL^"  and  amassed  in  a 
small  pile  so  as  to  reduce  the  possibility  of  discovery  to  a  mini- 
mum. 

The  insatiable  ,2;reed,  the  everlasting^  desire  to  grab  something 
for  nothing,  stops  at  no  point  and  permeates  every  field  of  activity 
— such  seems  to  be  the  conclusi<in  that  has  to  be  drawn. 


Studies    from    the    Medical    Research    Laboratories, 

Parke,    Davis    &    Co. 

Reprint   No.   256,   1920. 

(Reprinted    from   the   Journal  of   the   American    Chemical   Society, 
Vol.    XLir,    No.    7.    July,     III20.) 

Derivatives  of  Trihalogen   Tertiary-Butyl  Alcohols. 

III.    The  Benzoic  Acid  Ester  of  Trichloro- 

Tertiary-Butyl  Alcohol  or  Chlore- 

tone  Benzoic  Acid  Ester. 

Bv  T.  B.  Aldricii. 

(From   the    Mt-dical    Research    I.alnjratories   of    I'arke,  Davis   &    (diiii)aiiy.  Detroit,  Mich. ) 

Under  the  title,  "Benzoyloxyisobuttersaure  trichlorid,"  W'ill- 
jjerodt  and  Diirr^  have  described  an  oil  which  they  obtained  through 
the  interaction  of  trichloro-tert.iary-butyl  alcohol  on  benzoyl  chlor- 
ide in  molecular  ciuantities.    They  state  : 

"On  Iieating  tlic  mixture  there  is  a  rapid  evolution  of  liydrochloric  acid 
gas.  The  liquid,  boiling  at  270-290°,  obtained  by  fractionation,  is  then  dis- 
solved in  ether  and  shaken  with  an  aciueous  solution  of  sodium  carbonate. 
After  drying  the  ethereal  solution,  the  ether  is  evaporated,  and  the  yellowish 
oil  remaining  is  distilled.  The  principal  part  of  the  ester  distils  between 
275-280°,  but  on  standing  in  the  receptacle  deposits  crystals  of  benzoic  acid 
which  are  removed  by  filtration.  The  oil  thus  obtained  and  further  ])urified 
has  finally  a  B.  P.  of  282°  and  is  yellow  in  color.  Chlorine  determination  : 
Theoretical  37.8%.    Found  37.6%."" 

Having  prepared  a  number  of  esters  from  trichloro-  and  tri- 
bromo-tert.iary-butvl  alcohols:  acetyl  chloretone,-  acetyl  brome- 
tone,''  propionic  and  butxric  esters  of  brometone.^  and  having  ob- 
tained a  crystalline  benzoic  ester  of  brometone  (this  work  is  un- 
published) it  occurred  to  me  to  repeat  the  work  of  W'illgerodt 
and  Diirr,  especially  since  they  reported  their  jjroduct  as  an  oil, 
and  compare  it  chemically,  physically  and  pharmacologically  with 
the  other  esters,  and  especially  with  the  corresponding  benzoic 
acid  ester  of  tri-bromo-tertiary-butyl  alcohol.  The  product  I  ob- 
tained by  carrying  out  this  synthesis  differs  so  markedly  from  that 
obtained  by  the  authors  cited  that  I  consider  it  itnperative  to 
publish  the  results  of  my  investigation. 


'Willgerodt  and   Diirr.  /.   prakt.   Chem.   .V.   F.,  39,   286    (1889). 
-This  Journal,    37,    272(1    (Un.">). 
"Ibid..    38.    2740    (191(;). 
^Ibid.,    40,    1948    (1918). 
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In  carrying  out  the  synthesis  accorcHng  to  the  very  l)riet  direc- 
tions given  at  the  heginning  of  this  paper  h\-  W  illgerodt  and  Diirr, 
the  author  hnds  that,  (hu'ing  cHstillation  under  orchnary  ])ressure, 
decomposition  ])r(i(hicts  are  formed,  consisting  in  ])art  of  benzoic 
acid,  which  may  he  recognized  hy  its  general  ap])earance.  sohihiHty. 
odor,  melting  point,  etc.  Hydrogen  chloride  is  also  given  off  when 
the  tem])erature  is  high.  No  doubt  the  product  obtained  by  Will- 
gerodt  and  Diirr  is  a  mixture  of  benzoic  acid,  a  small  amount  of 
the  ester,  the  j^rincipal  portion  having  been  decomposed  by  the 
high  tem])erature,  and  possibly  some  chloretone  and  other  sub- 
stances such  as  chlorine  decomposition  products.  That  benzoic 
acid  is  present  is  evidenced  by  the  authors  themselves,  who  state 
"the  distillate  deposits  crystals  of  benzoic  acid  on  standing.''  In- 
deed the  method  employed  by  the  authors  for  purification  would 
naturally  lead  to  a  mixture  of  various  products  rather  than  to  a 
single  product,  since  no  attempt  was  made  to  remove  the  uncom- 
bined  chloretone  and  benzoyl  chloride  that  ]^resumably  did  not 
enter  into  the  reaction. 

According  t.o  the  method  to  be  given  shortly,  any  excess  of 
chloretone  or  benzoyl  chloride  is  removed  by  thorough  washing  and 
heating  the  product  with  alkali,  which  decomposes  the  ester  very 
slowly,  and  then  with  water  before  any  attempt  is  made  to  purify 
the  ester. 

That  the  chlorine  determinations  made  by  Willgerodt  and  Diirr 
agree  so  closely  with  the  theoretical  value,  suggests  the  presence 
of  bodies  with  high  chlorine  content  mixed  with  other  bodies  con- 
taining little  or  no  chlorine. 

Although  distillation  under  ordinary  pressure,  as  practiced  by 
Willgerodt  and  Diirr.  leads  to  decomposition  of  the  ester,  distilla- 
tion under  reduced  pressure  can  be  carried  out,  as  shown  later, 
with  very  little,  if  any,  decomposition. 

EXPERIMENTAL. 

Molecular  quantities  of  chloretone,  dehydrated  over  calcium 
chloride  in  a  desiccator,  and  benzoyl  chloride  are  heated  on  the 
steam  bath  for  several  hours,  or  until  hydrogen  chloride  ceases  to 
be  given  off  to  any  extent.  The  reaction  is  practically  ended  in 
about  6  hours,  although  the  product  may  be  heated  longer  with- 
out injury. 
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As  soon  as  the  reaction  is  fairly  conij^lete.  water  is  added,  and 
the  ester  thereby  thrown  out  in  the  form  of  an  oil  which  solidities 
when  cooled  in  ice  water.  As  the  oil  solidifies,  it  is  best  to  agitate 
the  contents  of  the  flask  to  prevent  the  ester  from  forming  a  hard 
cake  which  is  difficult  to  remove.  When  the  ester  has  solidifled, 
the  supernatant  liquid  is  decanted  as  completely  as  possible,  an 
excess  of  caustic  soda  solution  (.VlO'/r  )  is  added,  and  the  vessel 
is  heated  on  the  steam  bath  for  about  half  an  hour.  Ijv  this  pro- 
cedure, any  chloretone  or  benzoyl  chloride  which  remains  will  be 
decomposed,  or  rendered  soluble  in  water.  At  the  end  of  this  time, 
the  flask  is  cooled  as  before,  and  its  contents  poured  into  a  mortar 
and  ground  to  a  tine  ])owder.  It  is  then  transferred  to  a  suction 
filter  and  washed  a  number  of  times  with  cold  water.  It  dissolves 
readily,  in  alcohol,  from  which  it  is  obtained  in  the  form  of  white 
luonoclinic  crystals.  If  the  reaction  is  carried  out  carefully  the 
yield  is  excellent. 

Chlorine  determinations  (Carius),  carried  out  with  a  product 
which  melted  between  34-35°  after  several  recrystallizations  from 
moderately  strong  alcohol,  gave  the  following  results : 

Subs.,  0.2242,  0.2620  :  AgCl.  0.,342(j,  0.4027. 

Calc.  for  C„H„0,CU:  .'^7.83.     Found:  37.80,  37.89. 

The  ester  is  readily  soluble  in  strong  alcohol,  acetone,  chloro- 
form, ether,  glacial  acetic  acid,  benzene,  etc..  but  very  sparingly 
solul)le  in  water.  It  may  be  recrystallized  to  advantage  from  alco- 
hol, from  which  it  may  be  precipitated  by  water. 

Distillation. —  (a)  Under  normal  pressure.  Twenty-three  g. 
of  the  i)urified  ester  was  distilled  under  ordinary  ])ressure.  Three 
fractions  were  obtained:  (i)  l';()-200°  (few  cc. )  (neglected) 
di.stillate  colorless;  (2)  2()0-2.')()"  ( smaU  portion);  (3)  250-270° 
(greater  portion).  The  residue  was  dark  reddish  in  color,  decom- 
position having  taken  place,  since  vapors  were  given  off  during 
the  distillation.  To  the  third  fraction  a  little  alcohol  was  added, 
and  the  solution  was  ])laced  in  a  vacuum  desiccator.  Crystals 
formed  after  standing,  m.  ]).  about  112°.  This  would  point  pos- 
sibly to  benzoic  acid.  m.  p.  120". 

Distillation. —  (h)  Under  red  need  pressure.  Thirty-five  g.  of 
the  purified  ester  was  distilled  under  a  pressure  of  148  mm.  Four 
fractions  were  obtained  :  (1)  190-220°  (few  cc.)  slight  coloration 
in  distillation  fla.sk,   distillate  clear   and   colorless;    (2)    220-225° 
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(about  <")  cc.)  color  increasing  in  flask,  fumes  noted  in  receiver, 
distillate  colorless;  (3)  22o-2o0  (about  •")  cc.)  color  increasing 
slightly  in  flask,  distillate  colorless;  (4)  2;K)-235°  (about  20  cc.) 
dark  residue   (small  in  amount)   left  in  flask,  distillate  colorless. 

All  the  fractions  on  cooHng  in  ice  water  solidified  to  a  mass  of 
crystals,  and,  after  recrystallization  from  alcohol,  all  gave  the  same 
m.  ])..  34.0  to  35^,  the  melting  point  of  the  original  ester.  There 
was  a  yield  of  29  g.  of  purified  product  which  shows  very  little 
decomposition.  In  this  state  the  ester  a])])arently  boils  under  the 
above  jiressure  without  decomposition  at  from  230-23.")  .  1  he 
voltmie  of  the  several  fractions  was  estimated. 

The  ester  is  very  slowly  volatile  with  steam,  but  do>fs  not  de- 
compose. It  passes  over  as  an  oil  which  solidifies  on  cooling,  espe- 
cially when  rubbed  with  a  rod  or  when  inoculated  with  a  crystal 
of  the  substance. 

Unlike  chloretone.  Ijrometone,  and  the  acetic  eslers,  it  is  prac- 
tically non-volatile  in  the  air  at  ordinary  temperature,  as  well  as  at 
incubator  temperature  (37°).  The  loss  even  after  several  days 
is  very  slight. 

When  boiled  with  water  for  18  hours  or  with  10%  .sulfuric 
acid  for  several  hours,  very  little  decomposition  occurred.  The 
supernatant  liquid  gave  a  slight  test  for  chloride,  but  in  both  in- 
stances practically  all  of  the  ester  remained  as  an  oil  which  solidi- 
fied when  cooled  and  melted  between  34°  and  35°. 

However,  when  the  ester  is  refluxed  with  10%  sodium  hydrox- 
ide solution,  it  decomposes  slowly,  and  chlorides  may  bs  recognized 
in  the  supernatant  liquid.  This  resistance  of  the  ester  to  the  action 
of  moderately  strong  alkali,  as  intimated  previously,  is  utilized  in 
its  preparation  to  separate  it  from  chloretone  and  benzoyl  chloride, 
both  of  which  are  decomposed  very  quickly  by  this  reagent,  espe- 
cially when  heated  with  it.  If  the  boiling  with  alkali  is  not  con- 
tinued too  long,  a  portion  of  the  ester  remains  undecomposed. 

When  acetyl  chloretone  is  boiled  with  an  excess  of  cone,  nitric 
acid,  saponification  commences  immediately  and  the  ])resence  of 
chloretone  may  be  demonstrated  in  a  few  minutes  if  water  is  added  ; 
when  acetyl,  propionyl  or  butyryl  brometone  is  treated  in  the  same 
wav  sajionification  takes  place  also,  but  the  brometone  its:?lf  is 
decomposed  to  a  certain  extent  as  shown  by  the  evolution  of 
bromine  vapors.  When,  however,  the  benzoic  acid  ester  is  treated 
similarly,  the  halogen  complex  apparently  is  not  changed. 
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With  water  or  10%  sulfuric  acid  in  a  sealed  tube  under  pres- 
sure at  a  temperature  of  IGO-llU''  fur  several  hours  the  greater 
part  of  the  ester  is  found  undecomposed  in  the  form  of  an  oil, 
which,  when  cooled  in  ice  water,  solidities,  and  after  recrystalliza- 
tion,  melts  between  '■>'>'    and  -W)   . 

One  fact  stands  out  prominently :  the  benzoic  ester  is  char- 
acterized by  great  relati\e  stability,  greater  even  than  the  other 
esters  thus  far  studied.  It  also  dift'ers  in  toxicity,  being  j/3  as  toxic 
as  the  acetic  ester  of  brometone,  and  about  1/10  as  toxic  as  the 
corresponding  acetic  ester  of  chloretone.  .\s  far  as  observed,  the 
benzoic  ester  does  not  produce  convulsions,  which  is  at  variance 
with  the  observation  of  W'oltifenstein,  Lowey  and  l^iachstex 
relative  to  analogous  esters.''  Perhaps  owing  lo  the  insolubility 
of  the  ester,  the  properties  referred  to  do  not  develop,  but  this  is 
hardly  to  be  expected  since  the  other  esters  are  also  practically 
insoluble. 

The  following  pharmacological  facts  relative  to  the  ester  were 
furnished  by  my  associate,  Mr.  L.  W.  Rowe  : 

"When  melted  and  mixed  with  olive  oil  and  injected  intra- 
peritoneally  into  guinea  pigs,  its  M.  L.  D.  was  found  to  be  about 
1.5  g.  per  kg.  body  \veight. 

"Experiments  upon  dogs  indicate  that  the  comjxjund  has  very 
slight  physiological  action,  even  when  given  in  very  large  doses. 
One  dog  when  given  0.5  g.  per  kg.  in  capsule  per  stomach  showed 
slight  muscular  incoordination  lyi  hours  later.     No  other  effect. 

"Another  dog  given  twice  the  above  dose  ( one  g.  per  kg. )  in 
the  same  way  exhibited  slight  incoordination  and  uneasiness.  This 
dog  was  killed  4  days  later,  and  an  examination  of  the  stomach 
showed  that  no  irritating  action  of  a  serious  nature  had  taken 
place. 

"A  dog  was  given  one  g.  i)er  kg.  In"  intra])erit()neal  injection. 
A  slight  sedative  effect  was  observed  in  about  20  minutes.  Marked 
diuresis  and  purgation  resulted  in  about  30  minutes  after  injection. 
Slight  nausea  w^as  observed  about  2  hours  after  injection.  Dog  was 
very  sick  and  died  20  hours  after  being  dosed.  Autopsy  showed 
marked  inflammation  of  the  intestines  and  Ijladder,  showing  that 
the  irritation  caused  by  the  material  injected  must  have  been  largely 
responsible  for  the  purgation  and  urination. 


=Wolffenstein,    Lowey    and    Bachstt-x.    Bcr.,    4S,    203.5-43    (1916). 
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"Five  g.  of  the  melted  sample  was  injected  subcutaneously 
into  a  (log.  No  general  effect  was  observed.  Several  days  later 
the  skin  sloughed  oft'  at  the  site  of  injection,  showing  that  the  mate- 
rial was  verv  irritating  and  was  not  properly  absorbed. 

■■That  irritation  is  produced  when  the  ester  is  injected  intra- 
peritonealK-  or  subcutaneously  is  not  necessarily  indicative  of  irri- 
tant ])roperties  inherent  in  the  substance  itself ;  but  is  probably, 
in  part  at  least,  caused  by  its  non-al)sorption.  just  as  with  any 
other  siniilarK-  introduced  foreign  material. 

"The  insolubilitv  of  the  comjiound  as  well  as  the  fact  that  it  is 
a]>i)arentlv  not  broken  up  in  the  body  into  soluble  constituents  ren- 
ders it    lifticult  to  studv  its  pharmacological  action." 

SUMM.\UV. 

The  benzovl  ester  of  chloretone,  C,;H-CO.OC-C,.H,;Cl.^.  is 
pre])ared  by  heating  molecular  quantities  of  benzoyl  chloride  and 
anhvdrous  chloretone  on  the  steam  bath  until  hydrogen  chloride 
ceases  to  be  given  off.  The  ester  is  a  solid  which  melts  between 
34-3o-  and  not  an  oil  as  claimed  ])y  W'illgerodt  and  Di'irr.  and 
distills  under  reduced  pressure  without  decomposition.  It  is  not 
readily  saponified,  and  in  this  respect  is  much  more  stable  than 
the  other  esters  previously  studied.  Boiling  with  cone,  nitric 
acid  does  not  decomjDose  it  as  is  the  case  with  the  aliphatic  esters  of 
both  chloretone  and  brometone.  Pharmacological  tests  would 
indicate  that  it  possesses  less  hypnotic  or  anesthetic  properties 
and  is  less  toxic  than  the  esters  studied  thus  far. 
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(Kri.rmtcil  from  The  Joiinuil  of  Biological  Chrwistry,  Vo\.   XLIIl,   No.   1,   10-20.) 

WATER-SOLUBLE  VITAMINES. 

I.    Are    the    Antineuritic    and    the    Growth-Promoting    Water-Soluble 
B.    Vitamins    the    Same? 

By  a.  D.  Emmett  and  G.  O.  Luros. 

(Frniii    the    .Medical    Research    Lal)()ratoriLS   of    Parke,  Davis   &    Company.  Detroit,  Mich.) 

The  object  of  the  [)resent  paper  is  to  present  data  which  we 
believe  indicate  that  a  more  definite  distinction  should  be  made, 
for  the  present  at  least,  between  the  antineuritic  and  certain  of 
the  other  water-soluble  vitaiuins,  ])articularly  those  that  relate  to 
the  growth  stimuli. 

Since  making  our  j;reliminar\-  reports  (1.  2)  on  this  subject, 
Mitchell  (."5)  has  presented  an  excellent  review  of  the  literature, 
and  we  will  limit  ourselves  to  a  brief  summary  of  the  published 
work  that  bears  directly  upon  the  particular  phase  of  the  prob- 
lem as  wc  have  ajiproached  it;  namely,  the  stability  of  the  water- 
soluble  vitamins  to  heat. 

We  have,  therefore,  made  a  com])ilation  of  the  available  data 
on  the  basis  of  the  particular  biological  test  for  which  the  trials 
were  planned  with  only  a  secondary  consideration  of  the  descrip- 
tive names  associated  with  the  vitamin  employed. 

In  comparing  the  data  in  Tables  I  and  II,  it  shotdd  be  borne 
in  mind,  as  Chick  and  Hume  (  i)  have  brought  out,  that  the 
amount  of  ration  consumed  may  carry  an  excess  of  the  vitamin 
beyond  the  miniiuum  requirements,  and.  if  so,  a  partial  destruction 
of  the  vitamin  by  heat,  alkali,  or  other  causes  might  not  necessarily 
become  evident  in  the  biological  tests. 

Comparing  the  results  in  the  two  tables,  they  tend  t(j  indicate 
that  the  antineuritic  and  the  growth-promoting  vitamins,  as 
measured    by    ])olyneuritic   pigeons   and    young   rats    respectively, 

.wi 
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TABLE  I. 
Polyneuritis  {Antineuritic  Vilamine).* 


Series. 


Tf  mijerature  and  time  of  heating. 


Destruction. 


Reference. 


Section  I.  Fowl:  pigeon,  chicken,  and  duck. 


A 

100^..  moist  heat. 

lat 

Egg  yolk,  4  min. 

None  apparent. 

Cooper  (5). 

2a 

"           "    in  presence  of  dilute 
alkali. 

Total. 

Stecnbock  (6). 

3bt 

Buffalo  meat,  several  days. 

(1 

Grijns  (7). 

4b 

Beef,  30  min. 

None  apparent. 

Hoist  (8). 

5a 

Yeast  extract,  1  hr. 

Slight. 

Chick  and 
Hume  (9). 

6a 

Wheat  embryo.  1  hr. 

Very  slight. 

Chick  and 
Hume  (9, 
10). 

7b 

Unmilled  rice.  3  hrs. 

None  apparent. 

Eijkman  (11). 

B 

110°,  autoclave,  30  min. 

8b 

Beef. 

Apjireciable. 

Hoist  (8). 

C 

113°,  autoclave,  1  hr. 

9a 

Wheat  embryo  (102-107°  for  40 

Slight. 

Chick  and 

min.).| 

Hume     (10). 

D 

115°.  autoclave,  2  hrs. 

10b 

Unmilled  rice,  millet,  oats,  rye, 
barley. 

Total. 

Eijkman  (11). 

E 

120°.  15  pounds  pressure.  30min. 

lib 

Beef,  eggs. 

Marked. 

Vedder    (12). 

12b 

Dried  peas,  unhulled  barley. 

None  apparent. 

Hoist  (8). 

F 

120°,  15  pounds  pressure,  1  hr. 

13b 

Beef. 

Total. 

(( 

G 

120°,  15  pounds  pressure,  1^  hrs. 

14b 

Unmilled  rice. 

« 

Weil,     Mouri- 
quand,    and 
Michel  (13). 

15b 

Barley. 

ii 

Weil  and  Mou- 
riquand(]4). 

523 

TABLE  I— Concluded. 


Series 


Temperature  and  time  of  heating. 


Destruction 


IJcfcrencc 


Section  I     Fowl:  pigeon,  chicken,  and  duck. — Concludeil . 


H 

120°,  15  pfiunds  pre^suif.  2  lirs. 

16b 

Unniilled  rice,  Katjidgo  beans, 
bufTalo  meat. 

Total 

Grijns  (7), 

17b 

Horse  meat. 

Xoue  apparent. 

Eijknuni  (11). 

18b 

Rye,     unmilletl     rice,     millet, 
oats,  barley 

Total. 

Hoist  fS). 

I 

122°,  autoclave,  1  hr. 

19a 

Yeast  extract  and  wheat  em- 

Appreciable. 

Chick  and 

bryo  (110-117°  for  40  min.).: 

Hume  (9,  10). 

J 

122°,  autoclave,  2h  hrs. 

20a 

Yeast  extract  and  wheat  em- 
bryo  ai8-124°  for  2  hrs.).: 

\'ery  marked. 

'<            (( 

K 

125°,  autoclave,  2  hrs. 

21b 

Unmilled  rice  and  millet. 

Total 

I'-ijkniau  ( 1  ]  ). 

L 

135°,  autoclave,  2  hrs. 

22b 

Unmilled  rice,  rye,  millet,  oats, 
barley 

Hoist  (8). 

Section  II.     Dogs. 


M 


23b 
24  b 


120-130°,  autoclave,  1  to  3  hrs. 
Horse  meat. 

Lean  beef  in  presence  of  10  per 
cent  XaoCOa. 


Schaumann 

(15). 
Voegtlin     and 

Lake  (16). 


Section  III      Cats. 


N 

120°,  15  pounds  pressure,  3  hrs. 

25b 

Lean  beef 

Appreciable 

\'oegtlin     and 
Lake  (16). 

26b 

"        "     in  presence  of  10  per 
cent  NaiCOs 

Total 

<(          (f 

*  Designated  by  some  as  water-soluble  B,  growth-promoting  factor, 
neuritic-preventing  vitamme,  and  antiberi-ben  vitamine. 

t  a,  tested  curatively  by  giving  it  to  polyneuritic  fowl,  b,  tested  pro- 
phylactically  by  feeding  normal  fowl 

+  Temperature  of  the  substance  itself  and  length  of  time  it  remained 
at  this  point 
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TABLE  II. 

Growth-Promoting  Vitamine*  {Water-Soluble  B). 


Series. 


Temperature  and  time  of  beating. 


Destruction. 


Reference. 


Section  I.     Rats. 


A 

90-100°C.,  dry  heat,  several  hrs. 

1 

Liver,  heart,  kidney,  brain. 

None 

apparent. 

Osborne  and 
Mendel  (17). 

B 

100°,  moist  heat. 

2 

Protein-free  milk,  2  min. 

None 

apparent. 

Osborne  amd 
Mendel  (18). 

3 

Milk  whey,  6  hrs. 

<( 

<( 

McCollum  and 
Davis  (19). 

4 

Extract  yeast,  30  min. 

<< 

« 

Drummond 

(20). 

5 

Extract  wheat  embryo,  in  pres- 
ence of  0.28  per  cent  NaOH, 
1  hr. 

Total 

McCollum  and 
Simmonds 
(21). 

6 

Extract  yeast,  in  presence  of  5 

Marked. 

Drummond 

per  cent  NaOH,  5  hrs. 

(20). 

7 

Soy   beans,   navy   beans,    cab- 
bage, 40  to  120  min. 

None 

apparent. 

Daniels      and 
McClurg 

(22). 

8 

Soy    beans    (120    min.),    navy 
beans  (90  min.),  cabbage  (45 
min.),   in  presence  of  5  per 
cent  NaHCOj. 

« 

« 

«          « 

9 

Carrots,  t 

« 

•< 

Denton       and 
Kohman 

(23). 

10 

Yeast,  0.1  n  NaOH  for  21.5  hrs. 
in  cold.     2  hrs.  heating. 

« 

<( 

Osborne, 
Wakeman, 
and      Ferry 
(24). 

C 

105°,  dry  heat,  several  hrs. 

11 

Meat  powder  (lean  beef). 

<< 

Osborne      and 
Mendel  (25). 

12 

Beef  extract. 

<< 

<< 

((          « 

13 

Compressed  yeast. 

<< 

« 

Hawk,      Fish- 
back,       and 
Bergeim 
(26). 

•  Designated  by  some  as  water-soluble  B,  antineuritic  vitamine,  and 
water-soluble  growth-promoting  accessory  factor. 

t  Placed  in  cans,  then  immersed  in  water,  and  heated  at  100°  for  2  hrs. 
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TABLE  11— Continued. 


Series. 


Temperature  and  time  of  beating. 


Destruction. 


Reference. 


Section  I.  Rats — Continued. 


D 

120°,    15    pounds   pressure,    20 
min. 

14 

Navy  beans,  cabbage. 

None  apparent. 

Daniels       and 
McClurg 

(22). 

15 

Extract,  navy  beans. 

«          <« 

"             " 

E 

120°,    15   pounds   pressure,    30 
min. 

16 

Extract  yeast. 

Marked. 

Drummond 
(20). 

17 

Soy  bean  flour. 

None  apparent. 

Cohen         and 
Mendel  (27). 

18 

Extract,  navy  and  soy  beans, 

u               « 

Daniels       and 

in  presence  of  0.1  isr  NaOH. 

McClurg 

(22). 

F 

120°,    15   pounds   pressure,    40 

min. 

19 

Navy  beans. 

None  apparent. 

McCollum  and 
Simmonds 
(21). 

20 

Soy  beans. 

«          « 

Daniels       and 
McClurg 

(22). 

21 
G 

Extract,  soy  beans. 

120°,  15  pounds  pressure,  1  hr. 

((          « 

«           « 

22 

Wheat  embryo,  milk  whey. 

(1          « 

McCollum  and 
Davis  (19). 

23 

Extract,   navy    bean,    in  pres- 

<(         « 

Daniels       and 

ence  of  0.1  N  NaOH. 

McClurg 
(22). 

H 

120°,  15  pounds  pressure,  1 J  hrs. 

24 

Navy  bean. 

«          « 

McCollum, 
Simmonds, 
and  Pitz 

(28). 
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TABLE  U-Coiiriiiihi}. 


Series.  Temperature  and  time  of  heating. 


Destruction. 


Reference. 


Section  I.     Rats — Concluded. 


120°.  15  pounds  pressure,  3  hrs. 
Lean   beef,    in   presence  of   10 
per  cent  NajCOs 


None  apparent. 


Voegtlin     and 
Lake  (16). 


Section  II.     Yeast  cell. 


26 


120°.  15  pounds  pressure,  .30  min. 

Yeast  extract.  Slight. 


Williams   (29). 


were  fairly  stable  at  teiiii)eratures  arutmd  lOO-lO.")-  C.  At  higher 
temperatures,  the  antineiiritic  vitamin  seemed  to  be  less  stable 
to  heat  and  alkali  than  the  rat  growth-promoting  vitamin,  as 
shown  in  the  case  of  wheat  embryo  (Table  I.  Series  I,  and  Table 
II,  Series  G )  and  in  lean  beef  ( Table  I,  Series  M  and  N,  and  Table 
II,  Series  I).  The  fact  that  no  data  were  given  as  to  the  amotmt 
of  food  consumed  by  the  rats,  dogs,  and  cats  in  Voegtlin  and 
Lake's  work  (Hi)  is  unfortunate  as  one  might  then  have  been 
able  to  evaluate  their  data  from  the  standi)()ints  under  considera- 
tion here. 

EXPERIMENTAL. 

The  ])lan  of  the  series  of  trials  reported  was  to  use  the  same 
source  of  water-soluble  vitamins  for  the  studies  on  i)oylneuritis 
in  pigeons  and  the  rate  of  growth  in  young  rats. 

The  basal  food  employed  was  unmilled  rice.  This  furnished 
the  only  source  of  the  water-soluble  antineuritic  and  growth-pro- 
moting vitamins.  In  the  case  of  the  pigeons,  the  unground  rice 
constituted  the  sole  food.  Gravel  was  coffered  once  a  week.  With 
the  rats,  the  ground  rice  was  so  sup])lemented  with  lactalbumin, 
salt  mixture  (21),  Initter  fat,  and  lard  that  it  formed  a  balanced 
ration  for  growth.  The  fundamental  difference  in  the  diets  of 
the  respective  groups  of  pigeons  and  rats  was  in  the  use  of  un- 
milled rice  that  was  unheated  for  the  controls  anrl  of  rices  that 
were  heated  at  different  temperatures. 

The  heating  of  the  rice  was  carried  out  as  follows :  in  the  air 
oven  at  120'""   C.  for  2  hours,  after  the  temperature  reached  this 
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point:  and  in  the  autoclave  at  1",?0  and  1")  pounds  pre>>ure  tor 
1,  2,  and  ii  hours,  respectively — makin_<,f  in  all  four  di liferent  sam- 
ples. In  some  of  the  trials  the  pigeons  were  allowed  to  eat  their 
food  at  will,  others  were  force-fed  as  soon  as  they  hegan  to  refuse 
their  food.  The  pigeons  were  j)ut  in  cages  in  groups  of  seven 
each.  Each  rat  was  kept  in  a  separate  compartment.  The  food 
intake  of  the  rats  was  determined  directly,  that  for  the  pigeons 
had  to  be  calculated  from  the  total  consumption  of  rice  for  the 
entire  group. 

DISCUSSION. 

Part  I.     Influence  of  Degree  of  Heatiiuj  on  the  Antineuritic  Vita- 
min, Using  Pigeons. 

The  results  presented  in  Charts  1  and  2  show  the  relative  rate 
at  which  pigeons  come  down  with  polyneuritis  when  fed  ad  libitum 
unheated  and  heated  unmilled  rice.  From  these  it  is  evident  that 
some  decided  change  took  place  in  the  rices  that  were  subjected 
to  the  longer  periods  of  heating.  Naturally  the  first  question 
that  arises  is  in  regard  to  the  amount  of  the  food  consumed  by  the 
different  lots.    A  fair  idea  of  this  is  given  in  Table  III. 

The  values  are  somewhat  approximate  due  to  the  fact  that  the 
pigeons  were  fed  in  groups  and  also  that  they  scattered  some  food. 
The  refused  food  in  the  cups  and  on  the  metal  floor  of  the  cages 
was  collected  and  subtracted  from  the  total  amounts  offered.  The 
results  indicate  that  the  loss  in  weight  varied  inversely  with  the 
amount  of  rice  eaten. 


TABLE  III. 

Food  Consumed  by  Pigeons  Fed  ad  Libitum. 

(Gm.  of  food  per  day  per  100  gm.  of  body  weight.) 


Period. 

Unheated 
rice. 

Rice.  1  hr. 

in 

autoclave 

at  120°. 

Rice,  2  hrs. 

in 

autoclave 

at  120°. 

Rice,  6  hrs. 

in 

autoclave 

at  120°. 

Rice,  2  hrs. 
dry  heat 
at  120°. 

1st  week 

gm. 

7  6 
8.0 

8.2 

gm. 
8.1 

8.6 
9  0 

gm. 

8.0 
6.3 
4.9 

gm. 

7.2 
5.8 
4.8 

gm. 

8.8 
6  3 

2nd    "     

4th     "     

6  5 

Average 

8.0 

8.6 

6.4 

5.9 

6.7 

52.S 

The  tact  that  the  food  intake  varied  in  this  manner  suggested 
that  two  or  three  factors  might  be  involved  in  the  causation  of 
the  onset  of  polyneuritis.  The  excessive  heating  might  have  de- 
stroyed the  antineuritic  vitamin  ;  it  miglit  have  i)ro(hiced  certain 
toxic  substances  which  prevented  the  vitamin  from  being  potent; 
or  it  might  have  altered  the  physical  condition  of  the  rice,  making 
it  harder  and  less  easily  digestible. 

In  view  of  these  possibilities,  it  was  decided  to  force-feed 
pigeons  and  compare  the  etTects  produced  with  those  fed  ad  libitum. 
These  curves  are  presented  in  Chart  3.  In  the  main  the  results 
obtained  were  identical  with  what  was  found  when  the  pigeons 
were  fed  ad  libituiii. 

The  question  of  the  formation  of  toxic  substances  is  still  unan- 
swered. In  view  of  this,  it  was  decided  to  carry  out  a  series  of 
experiments  by  force-feeding  pigeons  on  unheated  milled  rice  and 
then  treating  them  with  small  quantities  of  an  extract  of  auto- 
lyzed  yeast  which  had  been  heated  in  the  same  manner  as  the 
natural  or  unmilled  rices  in  Chart  ;>.  In  this  way.  it  would  be 
possible  to  eliminate  any  resultant  conditions  produced  in  the  un- 
milled rice  during  the  heating,  such  as  undue  hardness,  peculiar 
aroma,  etc.  Since  the  amount  of  the  vitamin  extract  given  in 
this  treatment  was  relatively  small,  being  0.1!)  gm.  daily,  it  would 
seem  that  the  toxic  eiTect.  if  any.  that  could  have  been  caused  by 
adding  this  material  to  the  rice  diet  was  too  insignificant  to  be 
considered  seriously.  The  residts  are  given  in  the  first  half  of 
Chart  9. 

In  order  to  test  this  point  of  toxicity  further,  curative  trials 
were  made  with  extracts  containing  the  antineuritic  vitamin  both 
before  and  after  heating.  Besides,  vitamin  extracts  were  treated 
with  fullers'  earth  according  to  the  method  of  Seidell  (  30 )  and  the 
activated  silicate  was  used.  The  results  are  ])resented  in  Table  IV. 
These  results  together  with  those  in  Chart  !)  show  conclusively, 
even  if  reasonable  allowances  are  made  for  the  indefiniteness  that 
sometimes  appears  in  cases  of  polyneuritic  pigeons,  that  toxicity 
was  apparently  a  minor  factor  and  that  the  antineuritic  vitamin 
was  totally  destroyed  by  heating  for  2  and  0  hours  in  the  autoclave 
at  120^"  and  1-")  pounds  pressure. 


529 

TABLE  IV. 

Treatment  of  Typical  Polyneuritic  Pigtons  with  Heated  and  Unhealed 
Vitamin    Preparations. 


Treatment. 


0.3 

gm 

0.3 

" 

0.1 

<< 

0.5 

<( 

0.5 

<( 

0.5 

i< 

0.5 

tc 

0.5 

a 

0.5 

« 

0.5 

i( 

0.5 

" 

0.5 

(( 

0.6 

a 

0.6 

(< 

0.6 

(( 

0.6 

a 

0.6 

11 

0.6 

a 

0.6 

" 

0.6 

11 

unhealed  yeast  extract. 


6  hrs.  autoclaved  yeast  ex- 
tract in  a.m. 

6  hrs.  autoclaved  yeast  ex- 
tract in  p.m. 

6  hrs.  autoclaved  yeast  ex- 
tract in  a.m. 

2  hrs.  autoclaved  yeast  ex- 
tract in  p.m. 

6  hrs.  autoclaved  yeast  ex- 
tract. 

2  hrs.  autoclaved  yeast  ex- 
tract. 

2  hrs.  autoclaved  yeast  ex- 
tract. 

2  hrs.  yeast  extract,  1st  day. 

unhealed  yeast  extract,  2nd  day. 

unhealed  activated  protein- 
free  milk. 

unhealed  activated  protein- 
free  milk. 

activated  6  hrs.  autoclaved 
yeast  extract. 

activated  unhealed  yeast  ex- 
tract, 2nd  day. 

activated  unhealed  yeast  ex- 
tract. 

6  hrs.  autoclaved  activated  pro- 
tein-free milk. 

6  hrs.  autoclaved  activated  pro- 
tein-free milk,  1st  day. 

unhealed  activated  protein-free 
milk,  2nd  day. 


Response  to  treatment. 


Good  recovery. 
<<  <( 

Improved. 

No  better.     Given   a  sec- 
ond treatment  in  p.m. 
Found  dead  next  morning. 

No   better.     Given  a  sec- 
ond treatment  in  p.m. 
Found  dead  next  morning. 


«  «        <(  « 

«  <(        tt  « 

No  better.  Treated  fol- 
lowing morning.  Good 
recovery. 

Very  good  recovery. 


No    belter.     Treated    sec- 
ond day. 
Very  good  recovery. 

Good  recovery. 

Found  dead  next  morning. 

No    belter.    Treated    sec- 
ond day. 
Very  good  recovery. 
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Part  II .     Influence  of  Degree  of  Heating  on  tlie  Water-Soluhle  B 
Groivth-Promot'nu;   Jltaniin.   in  Rats. 

Four  groups  of  yountj;  rats  were  so  fed  that  a  comparison  of 
the  rate  of  growth  of  each  would  incHcate  tlie  relative  degree  of 
destruction  of  this  water-soluble  vitamin  by  heating  the  rice. 

The  ration  for  the  control  group  was  made  u|)  as  follows : 

Per  Cent 

Period   1 .   Unmillod    rice,    unheated 64.0 

Lactalbumin    6.0 

Butter   tat   18.0 

Lard    10  0 

Salt  mixture  2.0 

Period  2.   Unmilled   rice,   unheated 89.7 

Lactalbumin    3.3 

Butter   fat    5.0 

Salt  mixture  S'.O 

Equivalent  percentages  of  rice  were  used  thrf)ughout,  calculated 
on  the  dry  basis,  and  then  the  necessary  amount  of  water  was 
added  to  bring  all  the  rations  to  the  same  moisture  content.  We 
recognize  that  this  method  of  adjusting  the  rations  did  not  neces- 
sarily allow  for  the  variations  in  palatability  that  might  have 
been  brought  about  during  the  heating  of  the  rices.  The  food 
intake  of  each  rat  should,  however,  assist  in  interpreting  the  results 
from  this  standpoint. 

The  data  are  presented  in  Charts  1.  "),  (!,  and  1.  When  the 
individuals  in  the  groups  are  compared,  the  greatest  variation  is 
found  in  the  case  of  the  G  hours  autoclaved  rice  (Chart  7). 

In  Chart  S  the  average  restilts  for  each  group  are  given.  These 
average  group  curves  indicate  that  the  heating  processes  appar- 
ently had  some  detrimental  effect  (hiring  the  (J  hours  in  the  auto- 
clave at  1<?()  and  l)ut  very  slight,  if  any,  effect  during  2  hours  at 
120^  either  in  the  oven  or  autoclave.  .V  study  of  these  data  in 
connection  with  the  food  intake  and  the  percentage  gain  per  gm. 
of  food  consumefl  (Tables  V  and  \  1  )  will  assist  further  in  evaluat- 
ing the  rations. 

In  Table  \',  the  amount  of  food  consumed  ])er  day  per  rat  is 
given.  The  differences  in  food  intake  between  (iroups  40,  50, 
and  <iO  were  no  greater  than  the  differences  between  the  values 
for  the  inrlividual  rats  in  the  resj^ective  groups.  In  the  case  of 
Group  TO.  however,  the  rats  ate  less  of  the  ration,  except  Rat  75, 
which   cou'-umed   as   much  as   some  of   the  animals  in   the  other 
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groups.     The  <^a\ns  in  weight  of  this  rat  compared  favorably  with 
those  in  the  other  groups  having  an  equivalent  food  intake. 

If  the  growth-promoting  water  soluble  vitamin  had  been 
destroved,  the  rate  of  growtii  for  Rat  7-")  would  have  been  much 
less.      We   are   confronted,   therefore,    with    the   (|uestion    of    the 


TABLE  V. 
Food  Consumed. 


Ration  and  rat  No. 

Food 

consumed  p)er  day  per  rat. 

Group 

No. 

a 

25 
a 

Period  1  (75  days). 

gm. 

gm. 

gm. 

gm. 

gm. 

40 

Unhealed  rice.     Rats  41,  42,  43. 

5.9 

5.6 

4.2 

5.2 

50 

2  hrs.  dry  heat  120°.     Rats  52,  54,  56. 

4.9 

6.5 

5.9 

5.8 

60 

2    hrs.  autoclave  120°.     Rats  62,  63,  64, 
66. 

5.6 

4.5 

4.2 

5.2 

4.9 

70 

6  hrs.  autoclave  120°.     Rats  71,  72,  73, 
75. 

3.3 

2.6 

3.1 

4.3 

3.3 

Period  2  (50  days). 

40 

Unhealed  rice.     Rals  41,  42,  43. 

10.8 

10.1 

11.5 

10.8 

50 

2  hrs.  dry  heat  120°.     Rats  52,  54,  56. 

8.2 

10.1 

11.3 

9.9 

60 

2  hrs.  autoclave  120°.     Rats  62,  63,  64, 
66. 

7.0 

8.1 

7.8 

9.0 

8.0 

70 

6  hrs.  autoclave  120°.     Rats  71,  72,  73, 
75. 

4.7 

3.3 

3.6 

7.5 

4.8 

Periods  1  and  2  (125  days). 

40 

Unhealed  rice.     Rats  41,  42,  43. 

7.8 

7.4 

7.1 

7.4 

50 

2  hrs.  dry  heat  120°.     Rats  52,  54,  56. 

6.2 

7.9 

8.0 

7.4 

60 

2  hrs.  autoclave  120°.     Rats  62,  63,  64, 
66. 

6.1 

5.9 

5.6 

6.8 

6.1 

70 

6  hrs.  autoclave  120°.     Rats  71,  72,  73, 
75. 

3.9 

3.2 

3.7 

5.8 

4.1 

Period  3  (21  days). 

70 

Unheated    rice    (same    as    No.    40). 
Rats  71,  72,  73,  75. 

9.0 

5.5 

7.7 

9.7 

8.0 
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TABLE  VI 
Gain  per  Gm.  of  Food  Consumed. 


Group 
No 


Ration  and  rat  No. 


Gain  per  gm.  of  food. 


Period  1  (75  days). 

per 
cent 

per  cent 

per 
cent 

per 
cent 

per 
cent 

40 

Unheated  rice.     Rats  41,  42,  43. 

20.3 

20.0 

17.5 

19.3 

50 

2  hrs.  dry  heat  120°.     Rats  52,  54,  56. 

20.9 

17.7 

22.2 

20.3 

60 

2  hrs.   autoclave  120°.     Rats  62,  63, 
64,  66. 

18.2 

20.0 

14.5 

16.1 

17.2 

70 

6  hrs.   autoclave  120°.     Rats  71,  72, 
73,  75. 

15.1 

(6.9) 

13.0 

16.6 

14.9 

Period  2  (50  days). 

40 

Unheated  rice.     Rats  41,  42,  43. 

8.8 

7.7 

11.1 

9.2 

50 

2  hrs.  dry  heat  120°.     Rats  52,  54,  56. 

8.3 

4.0 

11.4 

7.9 

60 

2  hrs.  autoclave  120°.     Rats  62,  63, 
64,  66. 

6.7 

7.1 

12.6 

12.7 

9.8 

70 

6  hrs.  autoclave  120°.     Rats  71,  72, 
73,  75. 

10.6 

(3.3) 

3.5 

11.5 

8.5 

Periods  1  and  2  (125  days). 


40 

Unheated  rice.     Rats  41,  42,  43. 

14.5 

13.8 

14.3 

14.2 

50 

2  hrs.  dry  heat  120°.     Rats  52,  54,  56. 

14.6 

10.8 

16.8 

14.1 

60 

2  hrs.  autoclave  120°.     Rats  62,  63, 
64,  66. 

12.4 

13.5 

13.5 

14.4 

13.4 

70 

6  hrs.   autoclave  120°.     Rats  71,  72, 
73,  75. 

12.5 

(5.1) 

8.2 

14.0 

11.6 

Period  3  (21  days). 


70     Unheated   rice    (same    as    No.    40). 
Rats  71,  72,  73,  75. 


19.0 


(19.8)    18.0   24.1 


20.4 


palatability  of  the  ration  and  as  to  wliat  the  other  rats  in  the 
grf)up  would  have  g-ained  if  they  had  eaten  as  much  food.  This 
point  is  further  evidenced  in  Period  3,  where  all  the  rats  ate  more 
and  made  better  stains  than  in  Periods  1  and  2.  Osborne  and 
Mendel  (31)  found  similar  cnnflititins  in  ])alalal)ilit\'  in  the  case 
of  sov  bean. 
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When  the  rations  (  Table  \'l  )  on  tlie  basis  of  the  gain  made  per 
gram  of  food  consumed  are  compared,  it  is  e\ident  that  the  (bets 
for  Ciroups  10.  ■")(),  and  <i()  were  all  practically  of  e([ual  value.  The 
data  for  (irouj)  ^n.  Period  1.  compare  favorably  with  the  lower 
values  for  these  groups.  In  Period  'i,  two  of  the  rats  did  \ery  well 
while  the  other  two  did  very  poorly.  b^)r  tlvj  entire  time.  Kat-^  11 
and  1')  were  able  to  utilize  their  food  to  as  much  ad\antage  as 
the  rats  in  the  other  three  groups,  showing  that  this  ration  was 
as  economical  as  the  others. 

It  is  evident  from  Period  ;!  that  all  the  rats  in  this  grou])  were 
capable  of  making  good  gains.  Therefore,  if  their  food  consump- 
tion in  Periods  1  and  2  had  been  equal  to  that  of  the  rats  in  Group 
40  and  they  had  maintained  the  same  degree  of  utilization  of  their 
food  that  they  did  in  the  test  trial,  the  gains  would  have  been 
larger  than  any  of  the  other  groups. 

As  another  means   of   determining  the  effect   of   heat  on   the 

water-solul)le  growth-promoting   vitamin,   some   rats   were  placed 

on  a  ration  that  lacked  this  vitamin  and  when  they  showed  definite 

signs  of  retardation  in  growth  1  per  cent  of  an  extract  of  brewer's 

veast,  after  being  heated  in  the  autoclave  for  (i  hours  at   120'.  was 

added.     The  diet  was  mafle  up  as  follows: 

Per  Cent 

Lactalbumin    11-3 

Starch    32.7 

Lactose    { purified )    24.6 

Sah  mixture    3.4 

Butter  fat 13.0 

lard    15.0 

The  curves  are  given  in  the  second  half  of  Chart  !). 

SUMMARY. 

In  the  foregoing  discussion  we  have  shown  by  comparing  the 
antineuritic  (pigeon)  and  the  water-.soluble  B  growth-promoting 
(rat)  vitamins  that  in  the  former  case  the  vitamin  was  altered 
bv  heating  the  food  or  extracts  containing  it  to  certain  tempera- 
tures, while  the  other  vitamin,  obtained  from  the  same  food  and 
extracts,  apparentlv  remained  potent  under  the  same  conditions 
of  heating.  This  is  perha])s  illustrated  most  definitely  in  Chart 
*.)  where  pigeons  came  down  with  polyneuritis  on  the  one  hand  and 
votmg  rats  grew  on  the  other. 
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I'he  authors  wmild  call  attcnlitni  to  the  fact  that  the  niiniimini 
vitamin  re(|uirenient  of  the  rats  may  have  heeii  lower  per  gram  of 
hody  weight  tliaii  that  of  the  ])ij^eons.  This  latter  point  was 
intended  to  he  covered  in  ])art  when  the  amoimt  of  nnmilled  rice 
in  the  rat  rations  was  increased  from  64.0  to  8!».^  per  cent.  P'or, 
first,  if  the  heated  rices  were  toxic  the  rate  of  s^rowth  would  he 
definitely  lowered  hy  feeding  larger  amounts  of  rice,  and,  second, 
if  the  supply  of  the  growth-promoting  vitamin  was  sufficiently 
low  in  the  (54.0  per  cent  ration  a  slight  or  ])artial  destruction  of 
the  vitamin  hy  heat  would  l)e  apparent.  .\nd  upon  increasing 
the  amount  of  rice,  the  quality  of  vitamin  would  he  increased 
and  there  would  then  he  an  added  increment  of  growth. 

The  fact  that  the  direction  of  the  curves  was  not  altered  to 
any  appreciable  extent  when  this  change  was  made  suggests  that 
the  heated  rices  were  not  toxic,  and,  since  the  amovmt  of  water- 
soluhle  grf)wth-promoting  vitamin  in  the  <)4.()  i)er  cent  ration  was 
apparenilv  above  the  minimum  requirements,  these  data  are  none 
too  definite  as  to  a  partial  destruction  of  the  vitamin.  However, 
it  would  api)ear  that  if  the  antineuritic  vitamin  was  the  same  as 
the  water-soluble  B,  in  the  treatment  of  ])igeons  with  increasing 
doses  of  heated  extracts  and  in  the  force-feeding  of  them  with 
the  heated  rices  there  should  have  been  some  response  if  the  vita- 
min was  but  slightly  or  ])artially  destroyed.  In  order  to  answer 
this  question  definitely,  it  will  be  necessary  to  measure  quantitative- 
ly the  amount  of  vitamin  consumed. 

COXCLUSIOXS. 

1.  The  antineuritic  vitamin  (])igeons)  in  nnmilled  rice  is 
stable  to  heat  at  ]"^0^C.  and  I  •")  pounds  ])ressure  for  1  liour.  It  is 
partially  altered  by  heating  in  the  air  o\en  at  !<;()  for  2  hours, 
and  totally  destroyed  at  120°  and  \'>  ])ounds  ])re-sure  in  2  and 
6  hours.    The  vitamin  in  extracts  is  more  easily  altered  by  heat. 

2.  The  water-s(jluble  B  vitamin  (rats)  in  unmilled  rice  appears 
to  be  stable  to  heat  at  these  same  temperatures,  that  is,  it  is  not 
distinctly  or  totally  broken  down.  Whether  this  vitamin  was 
slightly  destroyed  could  not  be  definitely  ascertained  due  to  the 
lack  of  quantitative  methods. 

3.  These  findings  suggest  tentatively,  at  least,  that  the  anti- 
neuritic   (pigeons)    and  the  water-soluble  B    frats)    vitamins  are 
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not  the  same,  and  that  it  would  he  hetter  to  consider  tliem  a>  hsing 
different  until  there  is  further  proof  to  the  contrary. 

The  authors  acknowledge  their  apj^reciation  of  the  assistance 
of  Miss  Marguerite  Sturtevant  and  Mr.  Charles  Hunter,  in  carry- 
ing out  some  of  the  details  of  tlic  investigation. 
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Chart  1.  Represents  the  average  body  weight  of  the  ililTcrent  groups  that  were 
fed  ad  libitum.  Curve  (a)  for  the  milled  rice;  (1))  for  the  unhealed  unmilled  rice; 
(c)  for  the  unmilled  rice  heated  in  the  autoclave  at  120°  C.  for  I  hr.;  and  (d)  and  (e) 
for  the  i  and  (>  hrs.  auticlaved   rices,  respectively. 

The  heating  for  I  hr.  in  the  autoclave  (Curve  (c))  had  no  detrimental  effect 
on  the  antineuritic  vitamin.  In  the  case  of  the  2  an<l  (i  hrs.  autoclaved  rices,  the 
losses  in  weight  were  very  marked,  beirg  practically  the  same  as  for  the  milled 
rice    ("Curve    (a)). 

The  pigeons  on  the  6  hrs.  heated  rice  refused  their  feed  and  regurgitated  part 
of  it  sooner  than  the  ones  that  were  ferl  on  the  2  hrs.  autoclaved  rice.  The  general 
symptom  complex  of  these  two  groups  of  pigeons  was  very  similar  to  that  observed  in 
the   feeding  of   milled   rice. 
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ClCART  2.  Sl'.ows  the  average  weight  curves  for  pigeons  that  were  fed  od  lihitiiiii. 
Period  1  unmilled  rice  heated  for  2  hrs.  at  120°  C.  in  tlie  air  oven  and  Period  2 
on  the  rice  that  was  heated  in  the  autoclave  at  120"  C.  There  was  a  gradual  loss  in 
weight  on  the  dry  heated  rice,  and  only  slight  symptoms  of  polyneuritis.  Followiiig 
this,  the  pigeons  gained  slightly  on  the  1  hr.  autoclaved  rice,  just  as  they  did 
in    Chart    1. 
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Chaui  3.  I'igcuns  were  tirst  given  ad  libitum  unhealed  and  1  hr.  autoclaved  rice 
(Curves  b,  c  ,  and  c,),  respectively.  After  a  time  they  were  force-fed,  in  some 
cases  on  the  2  hrs.  autoclaved  rice  and  in  others  on  the  6  hrs.  heated  rice  (Curves 
d  ,  d.,,  c  ,  and  e.,,  respectively).  In  Curve  a,  they  were  force-fed  the  milled  rice  as 
a   control. 

When  thty  con.sumed  the  unhealed  rice  they  gained,  and  lost  rapidly  when 
force-fed  on  the  0  hrs.  heated  rice.  Likewi.se,  they  gained  on  the  1  hr.  autoclaved 
rice  and  lost  on  the  2  and  6  hrs.  heated  rice.  The  pigeons  regurgitated  some  of  their 
food  when  force-fed,  hut  retained  more  of  it  than  when  they  were  fed  ad  hbitum 
in  Chart  1.  That  this  loss  in  weight  was  not  due  to  the  mechanical  handling  of  the 
pigeons  in  force-feeding  them  is  evidenced  from  Curve  f,  where  they  were  force-fed 
on   unhealed   unmilled   rice   and   gained. 

The  curves  show  that  even  though  ihe  pigeon.s  consumed  more  of  the  2  and 
6  hrs.  autoclaved  unmilled  rice  than  when  fed  ad  libitum,  the  extra  amount  had  no 
value. 
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Chart  4.  The  rats  were  fed  the  basal  diet  of  unhealed  iinmilled  rice,  supple- 
mented with  lactalbumin,  salt  mixture,  butter  fat,  and  lard.  The  protein  plane  was 
Ti  per  cent.  In  Period  1  the  rice  formed  64  per  cent  of  the  ration  and  in  Period  i 
89.7   per  cent. 
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Chart  '<.  The  rats  were  tdl  the  iKisal  diet  of  unmilled  rice  heated  i  lirs.  in  the 
air  oven  at  120°  C.  Otherwise  the  ration  was  the  same  as  for  ("liart  4.  The  control. 
Curve  -10,  is  the  average  for  tlie  curves  for  the  unheated  rice   (Chart  \) . 
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CuAUT    G.      Same   as   Chart    .'>,    exccjit   the   basal    rict-    diet   was   heated    2    hrs.    in    the 
autoclave    at     120"    and    1")    pounds    i)ressure. 
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Chart  7.  Same  as  Chart  6,  except  the  rice  was  heated  for  6  hrs.  in  the  autoclave 
at  120°  and  15  pounds  pressure.  In  Period  3,  the  rats  were  fed  the  same  ration  as  in 
Chart    4. 
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Chart  8.  The  average  curves  show  that  the  growth-promoting  vitamin  was  not 
altered  bv  heating  at  12(1  for  i  hrs.  in  the  oven.  Thus,  Curve  o(i  ran  parallel  with 
that  for  the  unheated  rice  (Curve  40).  In  the  case  of  the  2  hrs.  autoclaved  rice, 
heated  at  120°  and  15  pounds  pressure.  Curve  60  ran  practically  parallel  with  the 
other  two.  except  for  a  short  period.  The  curve  for  the  6  hrs.  heated  rice  (Chart  70) 
shows  some  gain.      In  all   four  groups  tliere  was  a  definite   gain. 

If  the  growth-promoting  water-soluble  vitamin  had  been  destroyed  by  heat,  the 
resultant  effect  in  these  four  curves  would  have  been  a  decline  in  weight  the  same 
as  for  the  first  part  of  the  control.  Curve  A/ A',  where  rats  were  first  (A/)  fed  on  a 
ration  composed  of  butter  fat,  lard,  starch,  lactalbumin,  and  salt  mixture  without 
any  of  the   so-called   water  soluble    B,   and   later    (A^)    given   this   vitamin. 
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Chart  9.  In  Part  1,  tlie  iiigeuiis  were  all  force-fed  milled  rice.  In  the  case  of 
Curve  a,  they  were  not  treated  until  there  were  definite  signs  of  typical  polyneuritis. 
Then  the  pigeons  were  treated  with  unhealed  vitamin  extract.  In  Curves  c,  d,  and  e. 
the  pigeons  were  treated  from  the  beginning  every  other  day  with  equivalent  amounts 
of  the  extracts  that  had  been  heated  2  hrs.  at  120°  in  the  air  oven,  2  hrs.  in  the  auto- 
clave, and  6  hrs.  at  120°  in  the  autoclave,  respectively.  The  evidence  is  quite  conclu- 
sive that  heating  under  these  conditions  destroyed  the  vitamin.  In  fact,  the  vitamin 
in   the   extract   was   undoubtedly   broken   down   more    quickly    than    in    the    rice. 

In  Part  2,  the  same  vitamin  extract  after  heating  6  hrs.  in  the  autoclave  at  120° 
was  incorporated  in  a  ration  that  was  deficient  in  the  water-soluble  growth-promoting 
factor.  The  fore  period  shows  that  the  rats  were  not  growing,  while  the  test  period 
indicates  that  they  began  to  grow  after  adding  the  extract,  indicating  that  this  vitamin 
was   not    totally    destroyed    by    the    heating. 
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WATER-SOLUBLE  VITAMINS. 

I'.    The  Relation  of  the  Antineuritic  and  Water-Soluble  B  Vitamins  to 
the  Yeast  Growth-Promoting  Stimulus.* 
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With  the  idea  of  makiiii^  a  further  study  (1  )  as  to  whether  the 
antineuritic  and  the  water-sohible  B  vitamins  were  (hf'ferent,  we 
endeavored  to  apply  one  of  the  two  yeast  quantitative  methods 
tliat  have  been  ])ro])osed.  We  selected  the  Williams  {2)  micro 
method  which  the  author  claims  measures  qualitatively  and  quanti- 
tatively the  presence  of  the  antineuritic  vitamin.  P)achmann's 
fermentation  method  (15)  has  been  used  by  Eddy  (4). 

The  plan  of  approachinsj^  this  ])hase  of  the  i)roblem  was  similar 
in  some  respects  to  that  which  we  used  formerly  (  1 )  ;  that  is,  a 
study  of  the  elifect  of  heat,  on  the  water-soluble  vitamins.  Com- 
parative trials  were  made  to  determine  whether  or  not  the  extracts 
that  caused  increased  growth  of  the  yeast  would  cure  polyneuritis 
in  pigeons,  or  excite  growth  in  young  rats  that  were  suffering 
from  a  lack  of  the  water-.soluble  B  vitamin. 

Briefly,  this  micro  method'  was  as  follows:  {a)  Preparation  of  synthetic 
media— saccharose.  20  gm. ;  (NHJ.SO^,  ."5  gm. ;  KH.PO^.  2  gm. ;  asparagine, 
3  gm. ;  CaCb.  0.2")  gm. ;  and  MgSO,,  O.2.")  gm.,  all  made  up  to  1  liter  with 
distilled  water.  The  reagents  were  purified.  The  media  was  sterilized 
at  10  pounds  pressure  for  10  minutes  and  kept  in  the  refrigerator.  ((') 
Procedure  :  .\  suspension  was  made  of  yeast  cells  in  about  30  cc.  of  sterile 
distilled  water.  Duplicate  test  solutions  were  prepared  quantitatively  by 
taking  25  cc.  of  the  synthetic  media  and  1  to  5  cc.  (depending  upon  the 
concentrations)  of  a  definite  solution  of  the  unknown  extract.  This  was 
diluted  to  30  cc.  (using  sterile  water  if  needed).  The  mixture  was  steri- 
lized and  1  cc.  of  the  yeast  suspension  added.  After  mixing,  thirty-six 
drops  were  made  with  a  fine  pen  point  on  a  cover  slip  that  ha'l  been  coated 

'Proceedings  of  the  American  Chemical   Society,  .St.   Louis,  April,   192ii 
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with  a  very  thin  tilni  of  purified  vaseline.  Tliis  .slip  \va.s  inverted  and 
sealed  tightly  on  a  han,<;ins  drop  slide.  Kach  drop  was  examined  for  single 
yeast  eells.  the  observations  were  recorded,  and  the  time  was  noted.  The 
slide  was  then  placed  in  the  incubator  at  30° C.  and  the  readings  were  made 
again  in  IS  hours.  In  case  the  number  of  cells  in  each  drop  at  the  end  of 
this  period  exceeded  75,  the  determination  was  repeated,  using  less  of  the 
unknown.  Similar  tests  were  rim  on  the  synthetic  media  as  a  control.  After 
correcting  for  this  blank  determination,  the  rate  of  growth  in  terms  of 
A-east  cells  was  calculated  per  gram  of  the  original  unknown  material. 

Table  I  give.>^  an  idea  a.s  to  the  acctiracv  of  the  Williams  method. 
It  will  be  seen,  in  varying  the  concentration  of  the  sokition,  or  in 
taking  different  quantities  of  the  same  .solutions,  that  not  only 
the  duplicates  in  any  one  series  but  the  corresponding  final  average 
values  in  the  different  series  agreed  remarkably  close  for  such  a 
biological  method,  showing  that  this  method  can  be  used  with 
definiteness  for  measuring  the  rate  of  growth  of  yeast. 


DISCUSSION. 

The  Yeast  Grozcth-Promoting  Factor  Is  Not  the  Antineurifie 
J'ltatuin. — In  making  these  tests,   natural   or   unmilled   rice   was 


TABLE  I. 
Preliminary  Tests  with  the  Williams  Micro  Yeast  Method. 


Concentration  of  solution  of  vitamit 
extract  No.  2650. 

Amount 
added  to 
media. 

Average 
reading  of 
yeast  cells.* 

Yeast  cells 

pergm. 
of  original 
substance. 

Average  of 
duplicate 
ceils  per 

gm.  of  sub- 
stance. 

per  cent 

A.  0.02  made  from  a  5  per  cent 

solution  by  dilution. 

B.  0.02  made  from  a  5  per  cent 

solution  by  dilution. 

C.  0.02  made  directly. 

D.  0.2   made   from   a  5   per   cent 

solution  by  dilution 

cc. 

1.0 
1.0 

3.0 
3.0 

3.0 
3.0 

3.0 
3.0 

7.8 
8.1 

23.8 
23.6 

23.6 
24.0 

82.2 
82.4 

39,000 
40,500 

39,500 
.39,000 

39,000 
40,000 

38,600 
38,700 

39,750 
39,250 
39,500 
38,650 

Average               

39,287 

•  Corrected  for  control  reading  on  reagents. 
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heated  as  follows:  1  hour  in  the  autoclave  at  120'  and  l."t  pounds 
pressure ;  2  hours  in  the  autoclave  at  120  ;  and  (i  hours  in  the  auto- 
clave at  120°  and  15  pounds  pressure.  These  rices,  toLjether  with 
some  of  the  unheatcd  rice,  were  finel\-  ground,  tlicn  extracted 
with  hot  !».")  per  cent  alcohol.  These  extracts  were  concentrated 
/;/  'i'lU-ito.  taken  up  with  hot  water  and  salt,  then  filtered,  and  made 
uj)  to  a  definite  volume.  The  tests  were  then  made  n])on  these 
solutions,  hlank  determinations  hein_<,f  carried  out  with  the  same 
dilution  of  salt  and  synthetic  luedia.  Corrections  were  a])])lied  in 
makiui^  the  final  calcidations.  No  data  are  included  with  respect 
to  comi)arin<,'-  heated  extracts  that  oriji^inally  contained  the  anti- 
neuritic  vitamin.  We  found  that  this  extracted  vitamin  was  ap- 
parently more  inistable  to  heat  than  when  in  the  natural  food. 

The  data  are  presented  in  Table  II.  They  indicate  very  clearly 
that  the  factor  which  stimulated  growth  in  the  yeast  was  not 
altered  in  the  least  by  the  ])rocess  of  heating.  This  observation 
was  contrary  to  what  we  had  expected,  since  Williams  (  2  )  desig- 
nated the  yeast  growth  stimulus  as  the  antiberiberi  vitamin. 
From  previous  findings  (1)  we  have  already  concluded  that  the 
extensive  heating  of  the  rice  (2  and  6  hours  in  the  autoclave  at 
120°  and  15  poimds  pressure)  altered  in  a  ver}-  marked  way  the 


TABLE  II. 
EJfect  of  Heat  on  Yeast  Growlh-Proinoiing  Vitamin 


Extracts  of  natural  rice 

Average  reading  of  each 
determination.* 

Average 

yeast  cells 

per  cc. 

Yeast  cells 
per  gm.  of 
original 

1  cc. 

3cc. 

4  cc. 

rice. 

Unhcated  rice. 

12  7 

38  0 

12  3 

38.7 

12.6 

63 

1  hr.  in  autoclave  at  120°C. 

12  9 

13.1 

13  0 

65 

2  hrs. "           "          "  120°C. 

12.8 

37.7 

12.9 

37.1 

12. G 

63 

6     "    "           "          "  120''C. 

13.1 

49  G 

13.1 

49  0 

12.7 

64 

Corrected  for  control  reading  on  reagents. 
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potency  of  antineuritic  vitamin.  Therefore,  we  naturally  expected 
the  activity  of  the  extracts,  in  terms  of  yeast  cells,  to  decrease  with 
the  hijjher  degree  of  heating. 

In  order  to  jirove  this  point  more  definitely,  the  antineuritic 
property  of  the  extracts  of  these  rices  was  tested  hy  treating 
polyneuritic  pigeons  with  equivalent  quantities  of  each  extract  in 
terms  of  the  numher  of  cell  units  per  gram  of  hody  weight  11iese 
data  are  ])resented  in  Tahle  III.- 


TABLE  III. 

Potency  of  Extracts  from  Natural  Rice  on  Polyneuritic  Pigeons. 


Extractor  natural  un- 
millcd  rice 

Pigeon  No. 

Equivalent 

yeast  cells 

given  in 

extract. 

Yeast  cells 

per  gm.  of 

body 

weight. 

Response  to  treatment. 

Unlicatcd 

510 

10,269 

41 

Cure. 

803 

7,812 

31 

" 

Average. 

36 

(( 

2  hrs.  in  autoclave 

805 

9,750 

3S 

No  improvement,  died. 

at  120°C. 

793 

9,750 

3S 

<<                   u                     « 

Average. 

38 

((                ((                 « 

6  hrs.  in  autoclave 

735 

10.400 

42 

No  improvement,  died 

at  r20°C. 

781 

10,100 

33 

11                ((                 11 

Average. 

38 

"                "                  " 

There  is,  of  course,  a  possibility  that  in  the  heating  of  the  rice 
some  toxic  substances  were  formed  which  were  removed  in  the 
extraction  along  with  the  vitamin  and  in  turn  prevented  the  anti- 
neuritic vitamin  from  acting  on  ])igeons.  If  so.  one  would  expect 
the  yeast  growth-promoting  vitamin  to  be  atTected  in  the  same 
manner,  I)ut  it  was  not.  On  the  other  hand,  with  the  yeast  cell 
stimulus,  we  have  found  that  some  extracts  contain  toxic  factors 
although  the  antineuritic  and  the  water-soluble  B  vitamins  were 
shown  to  be  present  by  biological  tests.  As  a  result,  the  readings 
were  very  misleading  as  shown  in  Table  IV. 


''In  making  these  tests  the  pigeons  selected  showed  the  usual  definite  .>iigns  of 
typical  advanced  polyneuritis.  The  "cure"  cases  remained  positive  for  7  to  10  days, 
which  is  sufficient  for  a  definite  test   of  the   potency  nf  an   extract. 
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The  ]'cast  iiroi<.'tli-Proiiioti)i(/  Factor  Apparently  Docs  Not 
Stiwiilatc  Growth  in  Young  Rats. — In  order  to  obtain  an  idea  as 
to  the  amount  of  the  yeast  stiniuhis  that  normal  rats  require,  the 

TABLE  1\. 
Toe  icily  in  Relation  to  the  Yeast  Growth-Promoting  Stirnulus:. 


No.  of  extract. 


30-10 


30-50 


1,339 

(2  hrs.  in  autoclave  at 

120°C.) 

1,339 

(6   hrs.   in   autoclave   at 

120°.) 


No  of  yeast  cells  in  diluted  solution. 


1  CO. 


3  cc. 


value  was  calculated  from  previous  prophylactic  feeding  experi- 
ments where  rats  were  fed  as  their  basal  diet  natural  rice  (1).  The 
data  are  given  in  Table  V. 

In  makinir  the  tests  to  determine  whether  or  not  the  rats  would 


TABLE  V. 
Calculated  Yeast  Cell  Units  Consumed  by  Normal  Rats. 


Substance. 

Group  of 
rats. 

Yeast  ceil 

units  per 

day  per  gm. 

Remarks. 

Natural  rice,  unheated. 

40 

3  0 

Gained  in  weight. 

2    hrs.    dry 

50 

3.3 

>(                t<                K 

heat  at  120°. 

Natural  rice,  2  hrs.  auto- 

60 

3  3 

«                «                   « 

claved  at  120°. 

Natural  rice,  6  hrs.  auto- 

70 

2.7 

Moderate  gain  in 

weight. 

clavcd  at  120°. 
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be  stinmlatrd  to  i^row  on  a  detuiite  nunil)cr  of  veast  cell  units,  a 
water-soluble  vitamin  preparation  was  activated  with  fullers' 
earth  by  the  Seidell  method  (T)).  The  filtrate  was  found  to  con- 
tain '•3.-");ii  yeast  cell  units  or  (i.  1  jier  cent  of  the  total  veast  factor. 
Faihire  to  cure  pigeons  showed  that  its  antineuritic  \itamin  con- 
tent was  extremely  low. 

Rats  that  had  been  brought  down  to  a  low  nutritive  ])lane. 
due  to  a  lack  of  the  so  called  water-soluble  B,  were  treated  with 
1  to  1.5  CO.  of  this  filtrate.  As  the  rats  were  weighed  daily,  it 
was  foimd  ('liable  \'l  )  that  Kats  S.'U  and  m;).")  ])()th  lost  in  weight 
during  the  15  days'  treatment.  Further,  in  the  case  of  Rat  735, 
its  loss  in  weight  was  so  marked  that  we  were  forced  to  give  it  a 
treatment  of  the  original  vitamin  extract,  whereui:)on  it  imme- 
diately began  to  gain. 


TABLE  VI. 
Relation  of  Yeast  Cell  Units  to  Gronih  of  Rats. 


Substance. 

Rat  No. 

Yeast  cell 

units  per 

day  pergm. 

Remarks. 

Extract    7,000.5b-Filtrate 

834 

7.0 

Weighed  47  gna.     Lost  4.2 

fullers'  earth. 

gm.  in  15  days. 

Extract  6  hrs.,  autoclaved 

834 

7  5 

Gained  3.0  gm.  in  5  days. 

120°  natural  rice. 

Extract    7,000.5b-Filtrate 

835 

7.8 

Weighed   35.5    gm.     Lost 

fullers'  earth. 

4.0  gm.  in  15  days. 

Extract  6  hrs.,  autoclavcd 

835 

6  9 

Gained  10  gm.  in  5  days. 

120°  natural  rice. 

Extract    7,000..5b-Filtratc 

735 

15  3 

Weighed    49.5    gm.     Lost 

fullers'  earth. 

6.4  gm.  in  3  days. 

Following  the  first  treatment  of  Rats  iS;U  and  835  with  an 
extract  from  the  <>  hours  autoclaved  120°  natural  rice,  they  stop])ed 
losing  anfl  began  to  gain  on  doses  that  were  equivalent  in  yeast 
cell  units  t(j  what  they  were  given  of  Extract  T, 000. 5b. 

In  Table  VII,  further  data  are  ])resented  with  respect  to  the 
amount  of  extract,  in  terms  of  yeast  cell  units,  that  were  recpiired 
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tu  make  a  rat  gi\i\v.  'Jhese  two  rats,  Xus.  (nJJ  and  tii-j,  were  so 
far  down  froni  a  lack  of  the  water-soluble  1>  that  they  had  reached 
that  condition  which  is  described  by  some  as  polyneuritis. 

It  is  thus  seen  that  the  rals  in  the  curative  or  corrective  tests 
(Tables  VI  and  \TI)  were  given  2  to  2.5  times  as  much  of  the 
yeast  cell  units  in  Extract  ^ ,()()(). 5b  as  those  on  the  i)rophylactic 
tests  (Table  V),  yet  they  did  not  respond  and  grow.  This  sug- 
gests that  either  the  yeast  cell  stimulus  was  not  the  same  as  the 
water-soluble  B,  or  that  the  rats  in  this  condition  required  more 
of  it.  When  the  dose  was  increased  to  almost  five  times.  Rat  T35 
refused  to  grow.  This  led  us  to  infer  that  there  was  some  factor 
involved  in  the  growth  of  tlie  rat  other  than  the  yeast  cell  units, 
or  at  least  to  conclude  that  the  yeast  cell  stimulus  was  not  in  itself 
able  to  retard  the  loss  in  weight  and  excite  growth,  measured  by 
increase  in  weight  of  rats.  As  a  further  ])roof  of  this,  the  data 
in  Table  \  11  tend  to  show  that,  willi  the  amount  and  kind  oi 
extract  used,  the  water-soluble  B  vitamin  had  a  specific  action  on 
the  growth  of  the  rat  that  the  yeast  stimulus  lacked. 

This  statement  is  not  intended  to  convey  the  idea  that  the 
stimulus    or    vitamin    which    certain    varieties    of    veast    seem    to 


TABI^E  VII. 
RclaLiun  of  Yeast  Cell  Units  to  Growth  of  Rats. 


Substance. 

Rat  No. 

Yeast  cell 

units  per 

gm. 

RemarkB. 

Extract  2  hrs.  autoclaved 
120°  natural  rice. 

673 

14* 

Weighed  7.2  gm.  Lost  9.2 
gm.  in  5  days. 

Extract  unheated  natural 
rice. 

673 

14 

Gained  25  gm.  in  19  days, 
following  one  treatment 
only. 

Extract  2  hrs.  autoclaved 
120°  natural  rice. 

675 

14* 

Weighed  99.7  gm.  Gained 
11  gm.  in  5  days. 

Extract  unheated  natural 
rice. 

675 

14 

Gained  20  gm.  in  19  days, 
following  one  treatment 
only. 

•  Given  every  2nd  day. 
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utilize  is  not  needed  1)\  the  rat  or  the  ])ij;ei)n  for  some  other 
definite  jnirjiose  or  purjuises  in  their  physiological  economv.  Our 
data  do  not  lend  themselves  to  an  interpretation  of  this  point. 

COXCLfSIOXS. 

1.  The  rate  of  growth  of  the  yeast  which  we  emi)lov  is  strik- 
ingly accelerated  hy  the  addition  to  the  synthetic  media  of  very 
small  anioiiiits  of  jireparations.  whicli  we  liave  shown  hv  biolog- 
ical tests  to  contain  the  antineiiritic  and  the  water-soluble  l?  vita- 
mins, provided  certain  toxic  substances  are  absent. 

2.  The  yeast  growth-])romoting  factor  doe^  not  appear  to  be 
the  saiue  as  the  antineuritic  or  antiberiberi  vitamin   (pigeons). 

."5.  This  yeast  stimulus  is  also  possiblv  different  from  the  water- 
soluble  B  growth-promoting  vitamin    (rats). 

4.  Whether  ])igeons  or  rats  require  this  yeast  growth-promot- 
ing factor  for  normal  development  has  not,  as  yet.  been  definitely 
proved. 

■").  Since  the  amount  of  yeast  growth  stimulus,  expressed  in 
terms  of  yeast  cell  units  ])er  gram  of  substance,  does  not  appear 
necessarily  to  vary  directly  (in  terms  of  ])()tency )  with  the  anti- 
neuritic and  water-soluble  B  vitaiuins,  this  yeast  method  should 
not  be  employed  quantitatively  with  too  much  definiteness  until 
further  study  is  made. 
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THE  FAT-SOLUBLE  A  VITAMIN  AND 
XEROPHTHALMIA.' 

Bv  A.  D.  Emmett. 

(From   tile    Medical    Research    laboratories.    I'arkv-.    Davis   &   Co.,    Detroit.    Mich.) 

It  is  g-enerally  admitted  by  those  vvlio  have  conchicted  feeding 
exi)erinients  with  rats  that  although  the  essential  dietary  factors 
for  growth,  including  the  so-called  water-solul)le  i^  are  ])resent, 
the  animals  will  not  grow  to  maturity  without  the  fat-soluble  A. 
The  work  of  (jsborne  and  Mendel,  AlcCollum  and  associates, 
Drummond.  Steenbock  and  associates,  and  others  give  abundant 
evidence  of  this  fact.  All  investigatcjrs  are  not  in  accord,  liow- 
ever,  that  a  positive  lack  of  the  fat-sol ul)le  A  is  the  direct  cause 
of  the  eye  condition  in  the  rat  which  McCoUum-  designated  as 
xerophthalmia,  some  considering  this  disease  to  l)e  primarily  in- 
fectious. 

P>ulley''  has  recently  taken  the  most  definite  stand  that  this  eye 
condition  is  not  due  to  a  dietary  deticiency  but  primarily  to  infec- 
tion, resulting  from  jxjor  hygienic  surroundings  and  uncleanliness. 
She  based  her  conclusions  on  a  study  of  some  ")()()  rats  that  were 
fed  on  definite  synthetic  rations. 

In  our  laboratory  we  have  had  occasion  to  feed  white,  and 
l)lack  and  white  rats  on  various  synthetic  rations,  and  in  going  over 
our  records  we  have  compiled  data  bearing  upon  the  prevalence 
of  xerophthalmia  in  relation  to  the  known  presence  or  absence 
of  the  fat-soluble  A.    These  results  are  given  in  the  table  below. 

Xumber              Positive  Per  Cent. 

Group                                            Vitamins  Absent                  of  Rats                 Cases,  Positive 

from  Ration                     Reported            Xerojjh-  Cases 

thalmia 

A Fat-soluble  122  120  98.3 

B Water     "  B  103  None  None 

C None   (controls)  216  ...  " 

'Read  before  the  American  Chemical    Society,  St.  Louis.  April,   1920. 
-McCollum,   E.   v..  and   Simmonds,   N.,  Jour.  Bio!.   Chcm.,   1917.   XX.XII,   ■29. 
^Bulley,  E.  C  Biochem.  Jour..   1!U9,  XIII,   108. 
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It  is  seen  that  out  of  ]'2'2  rats.  Group  A,  120  of  them,  or  98.3 
per  cent,  showed  sooner  or  later  positive  signs  of  xerophthahnia, 
and  that  when  the  fat-sohihle  A  vitamin  was  present,  with  or  with- 
out the  w;iler-sohil)le  15  ((lrou])s  />  and  C ) ,  none  of  these  ;51!)  rats 
showed  evidence  of  this  eye  aihnent.  AU  the  rats  were  fed  in- 
chvi(hially  in  ])ractically  every  case.  They  were  kept  in  metal 
cages,  without  any  hedding,  which  were  provided  with  a  special 
removal)le  wire  screen  floor.  The  cages  and  the  food  and  water 
cups  were  ahvays  (hsinfected  once  or  twice  a  week.  The  sanitary 
conditions  were,  therefore,  good.  The  same  assistants  handled 
and  fed  all  the  rats,  so  that  the  attention  given  them  was  the  same 
for  all,  and  the  jx)ssibilities  of  infection  from  this  source  were 
vmiform. 

It  would  seem  t.o  us  that  if  xerophthalmia  was  primarily  in- 
fectious and  due  to  the  poor  hygienic  conditions,  some  of  the 
rats  in  ('iroui)s  H  and  C  would  certainly  have  developed  it.  Fur- 
ther, repeated  attempts  were  made  to  transmit  the  disease  by  using 
sterile  threads  of  gauze,  passing  them  cautiously  over  the  edge  of 
the  lids  of  the  sore  eyes,  and  then  carefully  inoculating  the  eyes 
of  the  other  rats.  These  tests  were  negative,  as  were  the  controls. 
This  was  fairly  good  evidence  that  the  disease  could  not  be  trans- 
mitted by  this  means. 

Treatment  of  advanced  cases  of  sore  eyes  with  a  saturated 
boric  acid  and  also  with  a  silver  protein  solution  failed  to  relieve 
the  condition.  However,  when  as  little  as  1  to  2  per  cent,  of  an 
extract  containing  the  so-called  fat-soluble  A  vitamin  was  added 
to  the  ration,  the  eyes  were  speedily  cured  and  the  rats  increased 
in  weight,  indicating  that  this  extract  was  a  specific  cure  for 
xerophthalmia. 

We  therefore  agree  with  McCoUum,  that  xerophthalmia  is 
primarily  a  dietary  deficiency  disease,  due  to  a  lack  of  the  fat- 
soluble  vitamin.  The  certainty  of  the  prevalence  of  the  disease 
depends  on  the  high  purity  of  the  essentials  that  enter  into  the 
ration,  and  on  the  length  of  time  of  feeding,  younger  animals 
showing  the  symptoms  much  sooner  than  older  ones. 

Acknowledgment  should  be  made  of  the  assistance  rendered 
by  Miss  Marguerite  Sturtevant  in  carrying  on  this  project. 
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THE  BIOLOGIC  METHODS  FOR  DIGITALIS  ASSAY. 

i^v   1  1i:ki;i:kt  C".    1  1.\.m  iltox. 

(Frcm   tin-    Midical    Ki-searcli    l-ulioratorii  s.    TarUi  .    l)avi.>i   &   Co.,    Detroit.    .Mich.) 

There  are  many  .stejxs  in  the  process  of  transforminij  the  lovely 
old  fashioned  flowering  plant,  foxglove,  into  the  powerful  medi- 
cinal product  known  as  the  digitalis  heart  tonic.  In  fact,  sijine  of 
the  steps  might  be  called  stopping  places  and  regarded  as  of  more 
than  passing  interest ;  especially  such  points  as  the  selection  of 
some  one  out  of  the  many  varieties  of  digitalis  to  ])e  the  official 
one,  the  choice  of  the  portion  of  the  plant  to  be  used,  the  age  of 
the  plant,  and  the  menstruum  for  extraction.  The  seriousness  of 
these  problems  may  be  judged  by  the  last  mentioned,  since  the 
U.  S.  P.  Revision  Committees  have,  on  each  occasion,  selected  a 
diflferent  menstruum  for  extracting  the  crude  drug. 

But  of  all  the  problems  demanding  attention,  probably  no  one 
has  received  more  than  that  of  proper  means  of  testing  and  stand- 
ardizing the  crude  drug  and  its  extracts.  From  the  time  of  Fagge 
and  Stevenson's  work^  recorded  in  1860  up  to  the  present  time, 
the  controversy  has  raged  unceasingly. 

These  investigators  first  used  the  method  later  modified  and 
known  as  the  Focke  method,-  by  which  the  frog  was  injected  in 
the  thigh,  the  heart  exposed  and  the  time  noted  when  tlie  heart 
stopped  in  systole. 

Koppe,  in  181 5, '■  studied  the  action  on  warm-blooded  animals, 
noting  the  efifect  on  the  heart,  but  es])ecially  the  amount  necessary 
to  induce  vomiting.  This  was  later  suggested  by  Hatcher*  as  a 
means  of  standardization. 

Bennefeld,^  in  1881,  in  his  careful  examination  of  tinctures  of 
iligitalis  from  diflferent  parts  of  Germany,  selected  the  method 
later  known  as  the  Hatcher  Cat  Method.''  the  diluted  preparation 
being  slowlv  injected  into  the  vein  o\  a  rabbit  until  death  occurred. 


*Paper   read  at   the   St.    Louis   meeting   of   the   \.   C.    .S.    ar.fl    puhlisheil    by    courtesy 
of  the  American   Chemical   Society. 
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I'anlet."  in  ISS!).  used  the  frog-  in  the  way  later  suggested  by 
lli>ughlon,  that  is,  coniparinj^f  activities  on  the  basis  of  the  mini- 
mum lethal  dose. 

Houghton,'"  in  iS'i^S,  hrst  ])ublishe(l  the  method  and  described 
the  exact  technic  by  which  to  standardize  the  digitalis  prepara- 
tiv»ns.  The  method,  at  time  of  publication,  had  actually  l)een  in 
l)ractice  for  three  years  and  is  the  tirst  recorded  attempt  not  merely 
to  test  but  reallv  to  establish  uniformity  in  jireparations  of  this 
drug. 

Prevost.-'  in  lcS!);3,  used  frogs  and  chose  as  end-j)()int  the  sys- 
tolic stop])age  of  the  heart. 

Fraenkel.'"  in  liK)"^,  was  the  tirst  to  ap])ly  this  method,  now 
official  in  the  U.  S.  P.,^'  as  an  exact  method  for  quantitative  assay, 
selecting  one  hotir  as  the  time  for  systolic  stoppage. 

Focke,-  in  UK)'^,  and  frecjuently  at  later  dates,  wrote  on  the  use 
of  frogs  for  standardizing  digitalis.  He  selected  the  systolic  stop- 
page in  T  to  10  minutes  as  the  end-point  and  suggested  a  formula 
by  which  to  deduce  the  value  from  the  data,  including  the  weight 
of  the  frog,  the  dose  and  the  time  of  systolic  stoppage.  He  has 
written  voluminously  on  the  subject. 

From  this  time  on  no  absolutely  new  method  has  been  devised, 
the  research  being  confined  to  modifications  and  adaptations  of  the 
methods  proposed  by  earlier  workers. 

Such  is  the  Hatcher  Cat  ^Method,"  the  Reed  and  Vanderkleed 
Guinea  Pig  Method/-  the  AI.  S.  D.  Frog  Heart  Method,"  and  the 
Pittenger  Gold  Fish  Method,^"  although  the  latter  is  the  only  pub- 
lished one  using  this  test  object. 

Laying  aside  for  the  moment  the  question  as  to  the  validity 
of  any  of  these  methods,  we  should  attempt  to  consider,  in  a  broad 
way.  the  more  or  less  derisive  question,  "Is  the  sample  of  drug 
that  has  been  found  to  possess  the  greatest  power  to  kill  a  cat,  the 
one  that  will  j^rove  most  efficient  in  curing  a  man?''  Rushy'*  is 
skeptical  of  such  methods  because  as  a  botanist  he  is  not  fully  in- 
formed as  to  their  applicability. 

Lloyd,'"'  perhaps  for  the  same  rea.son,  says  in  reference  to  a 
toxicity  experiment  recorded  by  Withering:  "In  those  days  of 
heroic  medication  it  was  naturally  concluded  that  a  drug  that  could 
thus  kill  a  turkey  must  be  good  medicine  to  cure  a  htnnan  being, 
a  y)rocess  of  reasoning  not  yet  altogether  obsolete." 
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Beal,'"  with  no  circumlocution  hut  directly  to  the  point,  says: 
"If  we  would  know  the  physiologic  action  of  a  drug  upon  the 
human  we  must  observe  its  action  on  the  human  ;  this  cannot  be 
deduced  with  any  degree  of  certainty  by  its  action  on  one  of  the 
lower  animals." 

All  these  coninicnl>  are  based  on  a  wrong  conception  of  phar- 
macology. While  there  are  occasional  instances  where  the  action 
of  a  drug  on  one  animal  differs  fundamentally  from  that  on  an- 
other or  on  a  human,  such  anomalies  are  usually  traceable  to  fun- 
damental differences  in  the  two  species.  To  illustrate,  the  cat  and 
dog  vomit  easily,  the  guinea  pig  not  at  all.  The  frog  will  not  re- 
spond to  the  action  of  a  febrifuge  since  its  tem])erature  is  always 
that  of  the  surrounding  medium.  But  all.  including  man,  have  the 
heart  and  the  circulatory  system  which  either  directly  or  through 
the  nerves  are  acted  upon  by  external  intiuences  such  as  drugs. 
Certain  features  of  these  effects  may  differ,  but  fundamentally  the 
fact  remains  unassailable. 

We  therefore  take  issue  with  Beal  to  this  extent,  that  while 
there  are  unciuestionably  cases  in  which  the  action  of  a  drug  on 
man  difYers  materially  from  that  on  certain  animals,  these  are  ex- 
cej)tional  cases. 

Practicallv  every  {physiological  reaction  in  man  has  its  counter- 
part in  some  animal. 

It  is  on  this  basis  that  the  science  of  ])harmacology  is  founded. 
Through  the  investigation  of  the  action  of  drugs  on  animals  many 
of  their  valuable  i)ro])erties  have  been  discovered  ;  by  this  means 
most  of  these  actions  have  been  explained.  Digitalis  acts  as  a 
diuretic.  Is  it  a  direct  action  on  the  kidneys  or  is  it  only  an  in- 
direct effect  of  its  action  on  the  circulatory  system?  P>y  animal 
experiment  and  not  by  observation  of  humans  this  has  been  made 
clear.  Digitalis  has  a  strongly  tonic  action  on  the  heart  and  ves- 
sels. Is  its  action  directly  on  the  muscles  or  is  this  an  effect  of  its 
action  on  the  nerves  ?  Again  we  are  rewarded  by  the  answer  as  a 
result  of  animal  experiments. 

But  the  critic  is  perhaps  still  dissatisfied.  Granted  that  all  this 
is  true  he  yet  is  skeptical  on  one  or  two  points.  How  is  it  possible 
to  standardize  drugs  even  if  the  action  on  some  animal  is  apparent- 
ly similar  to  its  action  on  man?  This  is  a  logical  f|uestion  and  de- 
serves an  answer. 
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Digitalis  aclniinistered  to  animals  in  doses  conii)aral)le  to  the 
therapeutic  dose  for  man  does  not  show  a  mcasurahle  effect  exce[)t 
when  such  doses  are  given  intravenously  to  an  anesthetized  ani- 
mal, the  effect  heing  measiued  hy  the  aid  of  a  myocardiogra])h  or 
similar  instrument — a  meastuahle  effect  sufficient  for  qualitative 
purposes.  I-'or  a  quantitative  test  comparison  must  be  made  with 
a  standard  just  as  the  chemist  must  have  absolutely  pure  reagents 
or  must  be  able  to  discount  the  imi)urities  by  running  a  blank  or 
some  similar  procedure. 

Digitalis  will  slow  the  beat  of  the  heart,  increase  the  amplitude 
of  the  beat,  raise  the  blood  pressure,  but  the  aiuount.s  necessary  to 
bring  about  a  definite  degree  of  change  in  these  measurable  reac- 
tions differ  with  different  dogs,  so  the  effect  of  the  sample  on  one 
dog  cannot  be  compared  with  the  effect  of  the  standard  on  another 
dog.  By  use  of  a  number  of  dogs  an  average  could  be  selected,  but 
time  and  the  expense  of  labor  and  animals  will  not  permit  this 
])rocedure.  Again,  to  compare  sample  and  standard  on  the  same 
animal  by  means  of  consecutive  injections  is  not  practicable  be- 
cause the  elimination  of  digitalis  is  so  slow  that  the  animal  never 
fully  returns  to  its  original  condition  to  permit  comparing  two  in- 
jections even  of  the  same  sample. 

For  these  reasons,  attempts  to  use  this  as  the  end-i)oint  have 
been  abandoned,  and  the  death  of  the  animal,  or  in  the  case  of 
frogs  stoppage  of  the  heart  in  systole,  selected. 

Not  only,  therefore,  can  the  action  of  drugs  on  the  human  he 
deduced  from  that  on  the  lower  animals,  but  also  the  degree  of  the 
action  can  be  measured  and  the  exact  manner  of  action  explained. 

Lloyd's  statement  in  reference  to  killing  a  turkey  and  curing  a 
man  may  have  been  true  in  those  days  when  the  science  was  un- 
developed. At  present,  however,  the  fact  of  killing  is  of  little 
importance;  the  vital  points  in  the  ex])eriment  are  the  amount  that 
killed,  the  action  of  smaller  doses,  and  the  possibility  of  applying 
the  substance  clinically  to  relieve  a  pathological  condition. 

Ihere  is  no  known  medicinal  stibstance  which,  taken  in  exces- 
sive quantities,  does  not  induce  toxic  symptoms  and,  in  most  cases, 
death.     It  is  not  valuable  because  of  this  but  in  spite  of  it. 

The  question  raised  l)y  Rushy  is  entirely  logical  and  apropos. 
If  a  substance  is  standardized  solely  on  the  basis  of  its  M.  L.  D. 
with  no  regard  to  the  characteristic  effect  which   that  subs^tance 
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may  be  expected  to  produce,  cominon  sense  suggests  that  such  a 
test  is  inadequate  and  should  he  used  only  it  no  verifying  effect  is 
available.  We  will  attempt  to  ap])l\'  this  test  of  adaptability  to 
the  various  methods  for  the  assay  of  the  digitalis  series,  disregard- 
ing the  question  of  accuracy,  and  keep  in  mind  only  whether  the 
test  shows  digitalis  glucosides  and  no  other  poison  to  be  present. 

The  Gold  Fish  Method,  while  little  known  or  ])racticed,  is  a 
proposed  means  of  assaying  digitalis  by  its  toxic  actic^i  on  gold- 
fish, the  drug  being  mixed  in  various  dilutions  with  the  water  in 
which  they  swim.  The  end-point  is  the  dilution  which  kills  after 
a  certain  period  of  contact  and  with  due  regard  to  certain  factors, 
such  as  the  temperature  of  the  medium.  It  has  the  advantage  of 
being  one  of  the  simplest  and  probably  cheapest  of  all.  But  for 
the  fact  that  there  is  nothing  typical  of  digitalis  in  the  action  of  the 
drug  on  the  test  animal  there  is  no  reason  why  it  should  not  have  a 
favorable  consideration.  The  goldfish,  however,  is  exceedingly 
sensitive  to  substances  not  always  recognized  as  ])oisons  and  cer- 
tainly not  in  the  same  class  with  digitalis.  While  the  chances  of  a 
foreign  and  more  toxic  substance  being  found  with  digitalis  are 
remote,  they  are  always  possibly  present  as  every  manufacturer 
knows.  Without  a  confirmatory  test,  the  goldfish  M.  L.  D.  method 
is  to  be  classed  as  questionable. 

The  guinea-i)ig  method  is  no  less  open  to  question  on  the  same 
score,  although  the  results  obtainable  purely  on  toxicity  are  quite 
imiform  and  accurate.  In  this  instance,  also,  there  is  no  observable 
reaction  characteristic  of  digitalis  either  before  or  after  death; 
and  death  often  results  from  res])iratory  paralysis  rather  than  a 
direct  action  of  digitalis  on  the  heart. 

The  method  is  simple  and  as  described  by  the  authors  inex- 
pensive, since  the  intention  is  to  use  guinea-pigs  already  used  for 
another  purpose  for  which  they  no  longer  are  eligible,  and  there- 
fore with  a  value  theoretically  nil. 

Injection  is  made  subcutaneously  and  results  recorded  after  a 
definite  period.  Results  show  that  pigs,  while  fairly  uniform,  have 
individual  variations  as  well  as  seasonal,  but  these  can  be  elim- 
inated as  factors  in  the  assay,  bv  the  occasional  test  of  the  stand- 
ard and  by  the  use  of  a  number  of  pigs  to  obtain  the  average 
^1.  T..  D.  ' 

'Vhe  Hatcher  Cat  ^lethod  seems  to  have  even  less  to  recommend 
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it  since  there  i>  imtliin-^  characteristic  of  (Hjj^italis  in  the  death  of  the 
animal,  and  further,  its  inaccuracies  have  heen  the  subject  of  com- 
ment by  several  authors.  Hatcher''  noted  that  in  some  cases  cats 
required  a  dose  •")()  per  cent  laro;er  than  the  average  ]\r.  L.  D. 
Robinson  and  Wilson''  found  in  a  series  of  ten  cats  that  the 
M.  L.  D.  ranged  from  7  0  to  "•ilO  par  cent  of  the  average  IVI.  L.  D. 
Eckler^"  found  a  variation  of  over  100  per  cent  in  the  M.  L.  D. 
of  cats. 

The  details  first  published  by  Hatcher  for  the  assay  of  digitalis 
required  that  the  immediate  cause  of  death  should  be  ouabain; 
only  a  part  of  the  M.  L.  D.  was  to  be  caused  by  the  digitalis. 
The  cat  is  partly  anesthetized  in  order  to  open  a  \ein  into  which  is 
inserted  a  glass  cannula.  Through  this  the  injection  is  made  slowly 
over  a  stated  period.  The  animal  must  die  in  less  than  90  minutes. 
The  method  has  been  modified  by  most  investigators,  especially 
by  those  who  found  any  valuable  feature  in  it. 

The  only  radical  change,  however,  is  that  made  use  of  by  New- 
comb  of  the  Pharmacy  Department  of  the  University  of  Minne- 
sota. It  is  commonly  assumed  that  Newcomb  uses  the  Hatcher 
Method  without  material  change  from  that  first  pul)lished,  and  this 
opinion  will  perhaps  prevail  until  some  ])ublished  account  of  his 
work  aj^pears.  Unofficially,  however,  certain  statements  have  been 
made  such  as  these:  '"Hatcher's  method,  without  modification,  is 
of  little  value."  "The  cat  is  the  least  important  part  of  the 
method."'  "The  important  part  of  the  method  is  the  observation  of 
the  action  of  digitalis  on  the  bundle  of  His." 

C)ne  may  assume,  therefore,  that  Newcomb  discredits  Hatcher's 
Method,  in  which  the  death  of  the  cat  is  the  deciding  factor,  and 
pins  his  faith  on  observing  the  heart  block  which  follows  fatigue 
of  the  auriculo-ventricular  ])undle.  This  is.  to  a  limited  extent, 
characteristic  of  digitalis  poisoning  and  so  may  be  regarded  as  a 
valuable  feature  to  distinguish  the  character  of  the  poisoning,  but 
it  adds  nothing  to  the  accuracy  of  the  (jnly  quantitative  features 
which  the  test  possesses,  namely,  the  M.  L.  D.  (minimum  letlial 
dose ) . 

.As  a  qualitative  test  this  feature  is  admirable;  but  no  ])harma- 
cologist  has  succeeded  in  making  the  test  an  accurate  (piantitative 
one  unless  as  yet  imj^ublisbed. 

The  M.  S.  n.  bTog-beart  Method — the  Pharniacoixeial  method 
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— is,  in  brief,  to  inject  the  diluted  prejiaration  into  the  abdominal 
lymph  sac  of  the  fros^,  injecting  them  in  series  of  three  and  at  the 
end  of  one  hour  exposing  the  heart  to  observe  its  condition.  The 
end-point  is  that  at  the  end  of  the  one-hour  period  the  heart  must 
be  stopped  in  systole  while  the  next  smaller  dose — a  difference  not 
to  exceed  10  percent — leaves  the  heart  beating  at  that  time.  This 
method  has  two  advantages  over  those  employing  mammals,  name- 
ly, that  a  sufficient  number  of  test  animals  can  be  used  to  detect  and 
exclude  those  more  or  less  resistant  than  the  average  and  to  test 
the  standard  on  a  number  of  similar  animals  under  exactly  the 
same  conditions  of  weight,  age,  temperature  and  season,  all  of 
which  may  be  variants.  It  has  the  further  advantage  that  the  end- 
point  can  be  recognized  as  being  due  to  one  of  the  digitalis  series, 
and  to  no  other  poison,  by  the  position  of  the  heart  in  systole. 

It  has  the  advantage  over  Xewcomb's  modification  of  Hatcher's 
method  in  the  greater  accuracy  in  the  end-point  l)y  having  a  large 
number  of  test  animals  from  which  to  exclude  those  of  exceptional 
resistance — either  high  or  low. 

The  i\I.  L.  I)."'  Frog-heart  Method  has  for  its  end-point  the 
minimum  lethal  dose — the  smallest  dose  causing  death  with  heart 
in  systole. 

The  frogs  are  injected  in  the  abdominal  lymph  sac  with  dilu- 
tions of  the  preparation,  using  such  dilutions  as  to  make  a  total 
dose  less  than  1  cc.  The  frogs  consistently  dying  with  this  dose 
are  examined  to  observe  the  position  of  the  heart,  which  must  be  in 
systole,  the  same  as  by  the  one-hour  method. 

This  has  all  the  merits  of  the  U.  S.  P.  Method  with  the  added 
advantage  that  in  case  of  slow  absorption  the  longer  time  limit 
permits,  in  most  cases,  total  absorption.  A  further  advantage  lies 
in  the  fact  that  the  frogs  are  not  handled  roughly,  as  in  pithing 
and  laying  bare  the  heart,  a  procedure  which  may  tend  to  influence 
the  results  adversely. 

A  third  advantage  is  in  the  certainty  ui  the  en(l-j)oint — death — 
as  against  the  frequent  occurrence  of  a  heart  at  the  end  of  the 
one-hour  period  not  being  positively  stopped  in  systole. 

Dr.  Edmunds,  of  the  Department  of  Pharmacology  of  the  Uni- 
versity of  Michigan,  and  Dr.  Worth  Hale,  Assistant  Dean  of  the 
College  of  Medicine  of  Harv-ard  University,  were  called  to  Wash- 
ington to  carry  out  such  experiments  as  would  determine,  if  pos- 
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silile.  wliich  of  the  methods  is  most  practicahle  and  reliahle  for  the 
assay  of  (hs^italis.  Their  results  and  conckisions  appear  in 
Hygienic  Laboratory  Bulletin  No.  ^(V.-" 

Rei:^ar(hng  h^^ke's  Method,  whieh  is  used  mostly  in  Germany, 
thev  say:  "?Towever.  even  with  these  precautions  we  helieve  that 
this  metliod  allows  of  i^reater  variatiims  and  in;iccuracies  than  any 
other  method  we  employed.'" 

Attempts  to  applv  a  test  hy  which  the  increase  in  hlood  pressure 
is  used  as  the  measurahle  reaction  led  to  the  followin,^^  conclusion: 
"The  hlood  pressure  method  upon  cats  and  dogs  commends  itself 
on  account  of  the  close  relation  it  sustains  to  the  use  of  the  drug  in 
clinical  ]iractice.  The  ohjections  consist  in  the  difficulty  of  pro- 
curing these  animals  at  times,  and  also  the  necessity  of  carrying  otit 
repeated  tests  to  confirm  the  results  which  a  study  of  our  tahles 
show  will  vary  greatly." 

As  regards  the  M.  L.  D.  and  M.  S.  D.  Frog  Heart  Methods, 
thev  found  it  imjiossible  to  choose  with  any  degree  of  accuracy. 
"Between  these  two  methods,  as  far  as  can  he  judged  in  the  light 
of  our  present  knowledge,  it  is  largely  a  question  of  personal  pref- 
erence or  convenience.'' 

Cushny  '^  ("Pharmacology  and  Thera])eutics'" ).  comparing  the 
action  of  digitalis  on  frogs  and  mammals,  says :  "The  efifects 
of  digitalis  on  mammalian  heart  therefore  resemble  in  general 
those  observed  in  the  frog's.  The  contraction  is  not  prolonged, 
however,  as  in  the  latter,  and  the  inhibitory  mechanism  plays  a 
more  important  role.     .  .     The  heart  in  mammals  is  generally 

found  in  a  condition  of  diastole  in  cases  of  fatal  poisoning,  and 
this  has  been  supposed  to  indicate  a  fundamental  difference  in  the 
action  of  digitalis  f)n  the  amphibian  and  the  mammalian  heart.  The 
dilatation  is  not.  however,  a  direct  result  of  the  digitalis  but  is 
probablv  induced  b\-  the  ])oisons  formed  in  the  heart  by  its  own 
activity." 

It  is  evident,  therefore,  that  the  frog  shows  a  typical  effect  of 
digitalis  just  as  distinctly  as  the  mammal,  that  it  can  be  used  in 
numbers  economically  impossible  in  comparison  with  cats  or  dogs 
and  thus  overcome  the  factor  of  individual  variations,  and  that 
the  digitalis  action  differs  in  no  material  res]^ect  from  that  on 
mammals. 

'J'he  very  fact  that  the  science  of  I'harniacology  has  made  such 
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wondrous  strides  is  evidence  that  the  action  of  dni^s  on  the  human 
may  be  dechiced  from  that  on  the  lower  animals. 

The  very  fact  that  a  system  of  dosay^e  has  been  worked  out  for 
the  ])owerful  drugs  shows  that  their  action  is  nieasural)le  hv  tlie 
effects  produced. 

Few.  however,  seriously  claim  to  he  able  to  deduce  human 
dosage  of  a  new  drug  from  its  effects  on  experimental  animals,  ex- 
cept in  the  most  superficial  way.  and  with  oiu"  ])resent  knowledge 
any  such  attempt  will  probably  lead  to  failure. 

It  is.  on  the  other  hand,  common  laboratory  ex])erience  to  obtain 
])ractical  working  information  in  regard  to  a  new  drug  bv  com- 
paring the  intensity  of  its  effects  with  that  of  a  similar  known 
drug.  1 1.  for  example,  a  special  ])reparation  of  digitalis  such  as  an 
active  principle  is  produced,  its  good  and  bad  ])roperties  can  readily 
be  deduced  for  human  medication  by  comparing  it  with  Tr.  Digi- 
talis on  laboratory  animals. 

Or  an  entirely  new  local  anesthetic  can  be  compared  with 
cocaine  on  animals  and  thus  obtain  actual  data  as  to  its  effective- 
ness imder  most  conditions,  and  its  comparatixe  toxicity,  absorb- 
ability and  rate  of  elimination. 

Pharmacology  is  the  study  of  the  action  of  drugs  on  the  lower 
animals,  by  which  much  can  be  learned  as  to  the  adaptability  of 
drugs  in  thera])y  and  their  mode  of  action,  their  advantages  and 
disadvantages  in  comparison  with  others  of  similar  character. 

I^harmacological  assaying  is  the  ai)plication  of  this  information 
so  that  ]X)werful  drugs  can  l)e  standardized  although  possessing  no 
chemical  reactions  bv  which  their  values  can  be  determined. 

The  scope  of  each  is  distinctly  defined,  the  assay  process  being 
subordinate  to  and  based  entirel\-  on  the  j)harmacology  of  the  drug 
in  question. 

The  criticisms  of  the  biologic  assa}'  process  in  general  are  really 
without  material  basis  since  it  is  strictly  analogous  to  the  chemical 
assay.  Neither  assay  method  attem])ts  to  encroach  on  the  clinical 
application  of  a  drug,  but  concerns  itself  onl\-  with  the  potency. 
Both  make  use  of  the  reaction  which  most  accurately  determines 
the  amount  of  active  agent  present  by  use  in  the  one  case  of  chem- 
ical reagents,  in  the  other  of  the  animal  least  subject  to  variations. 

Digitalis,  therefore,  as  one  of  the  most  valuable  drugs  at  the 
command  of  the  physician,  cannot  be  permitted  to  pass  without 
standardization. 
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The  selection  of  the  niethotl  sliould  be  based  on  the  most  typ- 
ical effect  which  is  measurable  and  which  is  subject  to  the  least 
variation  that  is  bevond  the  control  of  the  o])erator. 
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STUDIES    ON    ANTHELMINTICS. 

X.       Stock    Topics    and    Some    of    Their    Constituents. 

Bv  Maurice  C.  H.m.i..  I'h.l)..  1).\".M..  .\xi)  Mkvkk  Wkidok.  M.A. 

(From   tlie    Medical    Researcli    lyalioratories.    Parke,    Davis   &•   Co.,    Detroit,    .Mich.) 

One  of  us  (Hall.  ]:»!:.  1!MS.  IDl'.))  ha<  staled  elsewhere  the 
helief  that  the  mineral  nii.xtnres  or  stock  tonics  coninionK-  em- 
ployed are  of  very  little  value  as  anthelmintics.  This  seems  to  us 
necessarily  true.  Potent  anthelmintics  are  too  toxic  and  dan5.^erous 
to  put  into  these  preparations  in  sufficient  amounts  to  he  effective, 
because  these  preparations  are  used  by  persons  unskilled  in  the 
handling  of  potent  drugs.  Only  innocuous  substances,  usually  re- 
puted to  be  anthelmintic,  and  often  with  but  little  besides  the  repu- 
tation of  being  anthlemintic,  can  safely  be  incorporated  in  these 
preparations.  Of  the  feeble  anthelmintics  used,  iron  sulphate  and 
common  table  salt  are  the  favorites.  The  remainder  of  the  prepara- 
tions consists  for  the  most  part  of  jnirgatives,  tonics,  antacids, 
flavor  and  color.  We  give  below  some  tests  in  su])port  of  the  idea 
that  neither  the  mineral  mixtures,  stock  tonics,  nor  the  iron  sulphate 
and  salt  that  make  up  a  large  ])art  of  their  bulk  are  dependably 
anthelmintic.  These  tests  show  that  these  things  are  not  valuable 
when  administered  carefully  as  drugs  ;  they  will  be  even  less  effec- 
tive when  given  in  feed  to  stock,  and  there  would  l)e  no  i)oint  to 
these  preparations  if  they  could  not  be  given  in  feed,  as  they  are 
essentially  designed  for  this  to  save  the  trouble  of  dosing. 

The  following  e.xj)erinients  with,  commercial  i^reparations  have 
been  briefly  abstracted  by  Hall   (11)1!)): 

Commercial  pre])aration  No.  1,  a  well-known  ])reparation.  was 
given  to  dog  No.  232,  an  animal  weighing  10  kilos,  as  follows: 
The  dog  received  6  teaspoonfuls  of  the  preparation  daily — about 
half  of  the  dose  for  a  hog — for  a  total  of  14  doses  in  1()  days,  or 
84  teaspoonfuls.     The  dog  passed  2  ascarids.  and  had   10  ascarids 
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and  !>.">  nif'yliiliuiii  post-niortt'in.  The  trcalnient  \va^,  therefore, 
about  17  jier  cent  eft'ective  against  ascarids  and  0  per  cent  effective 
against  tai)e\vonns.  At  this  rate  the  ascarids  would  have  been  re- 
moved in  .")  months,  assuming  that  it  removed  1  worm  a  week. 
This  i>  an  iron  sulphate  and  sodium  chloride  preparation. 

C(»mmercial  prei)aration  No.  2  was  given  to  dog  No.  .'5'^1,  an 
animal  weighing  10  kilos,  as  follows :  The  dog  was  first  given  1 
teaspoonful  a  day,  the  dose  for  a  lOO-pomid  hog,  but  as  this  caused 
vomiting,  owing  to  the  salt,  which  makes  U])  i>")  per  cent  of  the 
preparation,  the  dose  was  cut  to  ^  teaspoonful,  for  a  total  of  10 
teaspoonfuls  in  11»  days.  The  dog  passed  no  worms  and  had  1 
ascarid  ])ost-mortem.  Treatment  was  therefore  0  per  cent  effec- 
tive. 

Commercial  preparation  No.  3  was  given  to  dog  No.  398,  an 
animal  weighing  l-i.o  kilos,  at  the  indicated  rate  of  1  teaspoonful 
daily,  for  a  total  of  27  doses  in  32  days.  The  dog  passed  1  ascarid 
(after  S  treatments)  and  on  post-mortem  had  1")  ascarids  and  18 
tapeworms.  The  treatment  was  therefore  about  6  per  cent  effec- 
tive against  ascarids  and  0  per  cent  effective  against  tapeworms. 

These  experiments  show  that  the  stock  tonic  grouj)  has  but  little 
anthelmintic  value. 

To  determine  the  anthelmintic  ef^cacy  of  salt  and  iron  sulphate 
the  following  tests  were  made : 

Common  salt  was  given  in  a  dose  of  1  gram  in  capside  followed 
by  a  small  amount  of  water,  about  a  half-ounce,  to  dog  No.  325, 
weighing  8  kilo>.  The  dog  passed  no  worms  and  was  found  on 
post-mortem  to  have  2  hookworms,  4  whipworms  and  ."!  tape- 
worms. Treatment  was  0  per  cent  effective  against  hookworms, 
whi])\v()rms  and   ta])eworms. 

Iron  sulphate  was  given  to  4  dogs  as  follows: 

Dog  No.  3T,  weighing  2  kilos,  was  given  a  5-grain  dose  on  each 
of  2  successive  days,  the  first  dose  accomj^anied  l)y  •")  grains  of 
calomel.  The  dog  passed  1  ascarid  and  8  whipworms,  and  on  post- 
mortem had  .'3  ascarids  and  100  tai)eworms.  'Jdie  treatment  was 
therefore  about  17  j^er  cent  effective  against  ascarids.  100  per  cent 
effective  against  whii)worms,  and  0  per  cent  effective  against  tai)e- 
worms. 

Dog  No.  i').  weighing  8  kilos,  was  given  the  same  dose.  5  grains, 
on  4  successive  days,  accom])anied  by  2  grains  of  calomel  on  the 
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second  day.  The  dog  passed  no  worms  and  had  1  whipworm  jjost- 
mortem.  Treatment  was  0  per  cent  effective  against  whipworms. 
There  might  have  heen  more  whipworms  ;  this  dog  died  f  rcjm  an 
intussusception  of  the  ileum  througli  the  ileo-cohc  valve  into  the 
colon,  and  the  specimen  was  kept  intact. 

Dog  No.  44.  weighing  10  kilos,  was  given  5  grains  daily  for  a 
total  of  l-"5  doses  in  18  days,  or  <)•")  grains.  The  dog  passed  no 
worms,  and  on  post-mortem  had  20  whi])W()rms  and  11  tapeworms. 
Treatment  0  per  cent  effective  against  whipworms  and  tapeworms. 

Dog  No.  242,  weighing  16  kilos,  was  given  iron  sulphate  in 
doses  heginning  at  •")  grains  the  first  day  and  increasing  hy  5  ad- 
ditional grains  daily  to  a  dose  of  40  grains.  The  dog  received  8 
doses  in  I'  days,  a  total  of  3  drams  and  an  average  dose  of  32.5 
grains.  The  dog  ])assed  1  ascarid,  and  1  more  was  foimd  in  the 
large  intestine  post-mortem,  and  must  he  accredited  to  the  anthel- 
mintic. It  also  passed  3  whipworms.  Post-mortem  there  were 
674  whipworms.  The  treatment  was  therefore  100  per  cent  effec- 
tive against  ascarids  and  less  than  0.5  per  cent  against  whipworms. 

From  the  foregoing  we  may  note  that :  Salt  in  the  dose  given 
is  apparently  of  no  value  against  hookworms,  whipworms  and  tape- 
worms, hut  it  would  need  further  experiment  to  determine  just 
how  little  anthelmintic  value  it  has.  Iron  sulphate  must  he  given 
in  very  large  doses  to  he  really  effective  against  ascarids  in  the  dog. 
It  is  of  interest  to  recall  that  this  drug  is  commonly  employed 
against  ascarids  in  the  horse,  much  more  difficult  worms  to  re- 
move. Iron  sulphate  shows  itself  effective  against  whi])worms 
occasionally,  hut  is  evidently  not  dependahle,  as  the  results  with 
the  large  doses  given  dog  No.  242  show.  It  has  no  value  for  re- 
moving tapeworms.  The  commercial  preparations — and  this  is 
true  for  other  mineral  mixtures,  as  one  of  us  (  Hall )  has  found 
in  tests — are  of  hut  little  value  as  anthelmintics.  Thev  may  have 
value  as  appetizers  or  to  supplv  mineral  constituents. 
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BACTERIOLOGIC    PEPTONE    IN    RELATION    TO    THE 

PRODUCTION   OF   DIPHTHERIA   TOXIN 

AND  ANTITOXIN. 

Lewis  D.wis. 

(From   tlie    Medical    Research    laboratories.    Parke,    Davis   &   Co.,    Detroit,    Mich.) 
I.       I.XTRODUCTION. 

The  necessity  of  using  peptone  media  in  the  production  of 
potent  diphtheria  toxin  was  recognized  by  the  pioneer  investiga- 
tors in  this  field  of  serum  therapy.  Park  and  Williams  (189G) 
appear  to  have  been  the  first  to  lay  any  special  emphasis  on  this 
constituent  of  the  culture  medium.  After  experimenting  with 
varying  concentrations  of  peptone  in  diphtheria  toxin  broth,  they 
conclude  that  the  strength  of  toxin  averages  greater  with  higher 
percentages  of  peptone  (2  and  4  per  cent)  than  with  lower  per- 
centages (  1  per  cent ) .  This  is  corroborated  by  Theobald  Smith 
(1899),  in  his  |)ui)licati()n  on  the  relation  of  glucose  to  the  pro- 
duction of  toxin  in  l)ouillon  cultures  of  the  diphtheria  bacillus. 
He  also  proposed  the  use  of  a  peptone  bouillon  in  which  the  beef 
infusion,  after  preliminary  reduction  in  acidity,  was  submitted  to 
a  fermentation  with  />.  coli.  in  order  to  remove  muscle  sugar. 
Previous  investigations  l)y  S])ronck  and  von  Fourenhout  (IS!).")) 
had  indicated  an  inhil)itory  action  of  this  carbohydrate  u])oii  the 
elaboration  of  toxin  in  peptone  bouillon  cultures  of  H.  diphtlicr'ur. 

Martin  (1898)  attributed  unsatisfactory  results  in  toxin  pro- 
duction to  variations  in  composition  of  the  peptone  then  avail- 
able which  appears  to  have  been  the  Witte  product.  To  over- 
come this,  he  proposed  what  he  terms  "liquid  i)eptone"  obtained 
from  auto-digested  swine  stomachs  which  he  mixed  with  an  equal 
volume  of  veal  bouillon.  As  would  be  expected,  from  its  com- 
position, this  medium  did  not  give  successful  results  in  the  hands 
of   other    investigators,    and    found    little   application   in   practice. 
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Spronok  (1898)  in  the  same  \ear  reconiniended  the  suhstitution 
of  a  boiled  and  filtered  extract  of  commercial  yeast  in  place  of 
the  infusion  of  veal  or  beef.  However,  he  specitically  required 
the  use  of  W'itte  peptone  with  his  yeast  product. 

Subsequent  publications  on  niedia  for  diphtheria  toxin  produc- 
tion appear  to  be  more  concerned  with  the  reaction  of  the  broth. 
and  also  with  the  kind  and  condition  n\  the  meat  used  in  the 
infusion.  \'eal  is  recommended  by  some  in  place  of  beef,  while 
others  insist  that  the  meat  before  using  must  be  either  decom- 
posed or  fermented  instead  of  freshly  killed.  This  is  in  con- 
formity with  Theobald  Smith's  proposal  for  eliminating  muscle 
sugar,  which  is  assumed  to  interfere  with  toxin  elaboration.  Aside 
from  the  mention  that  the  Witte  product  was  employed,  no  atten- 
tion appears  to  have  been  paid  to  peptone  by  later  investigators. 

The  scarcity  of  Witte  peptone  during  the  past  few  years  has 
again  directed  attention  to  bacteriologic  peptone  and  to  the  methods 
of  producing  diphtheria  toxin.  A  number  of  peptone  products 
have  appeared,  of  differing  composition,  which,  while  allowing 
growth  (if  the  more  common  micr(K")rganisms  and  of  B.  diphthcricc, 
do  not  permit  of  obtaining  the  strong  toxins  formerlv  obtained. 
The  use  of  trypsinized  media  as  suggested  l)y  Cole  and  Onslow 
(19]() )  and  the  \arious  modifications  of  Martin's  ])eptone  solution 
which  have  been  recommended  have  not  fultllled  ])ractical  require- 
ments. 

In  the  attem])t  to  explain  the  necessary  conditions  for  the  suc- 
cessful aj^plication  of  some  of  the  substitute  products,  rather 
unique  views  have  been  advanced  concerning  diphtheria  toxin 
formati(jn.  Hunker  (191!))  in  a  recent  article  suggests  "that 
there  is  a  point  at  which  toxin  development  is  at  its  maximum, 
before  which  and  after  which  the  potency  will  be  lost."  He  also 
states  that  "if  time  alone  is  made  the  basis  of  judging  when  toxin 
is  'ripe,'  it  will  be  only  by  chance  and  in  spite  of  technique  that 
any  peptone  will  give  satisfactory  results."  These  statements,  as 
will  be  later  shown,  are  contrary  to  extended  practical  experience 
in  the  routine  production  of  high  potency  diphtheria  toxin. 

During  the  past  year,  the  writer  has  had  an  opportunity  to 
study  large  scale  manufacture  of  diphtheria  toxin.  This  included 
the  preparation  of  thousands  of  liters  of  toxin  having  an  L+  dose 
of  ^).'-V.\  cc,  0.2")  cc.  or  less,  and  its  use  in  horses  for  immimization 
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purposes.  It  is  the  purpose  of  this  article  td  consider  the  essen- 
tials for  the  rdutine  production  of  hi_>,di  potency  diphtheria  toxin 
with  special  reference  to  its  application  in  the  development  of  hii(h 
strength  antidii>htheric  serum. 

II.     Till".   I'KODUCTIOX  OF  1)1 1' HTHEKI.V   TO.XI.X. 

a.  Culture  to  be  employed. 

Practically  all  of  the  institutions  engaged  in  the  propagation 
of  B.  diplitlicricc  for  toxin  elahoration  employ  the  .strain  known 
as  "Park-Williams  hacillus  no.  <S"  or  "Culture  Americana." 
Recently,  six  cultures  of  this  strain  were  ohtained  from  as  many 
different  laboratories.  ,\11  were  similarly  carried  by  trans])lanting 
from  two  twenty-four-hour  generations  on  Loeffler  slant  tul)es  and 
then  in  bouillon,  according  to  technique  later  described.  .\  de- 
cided variation  in  the  strength  of  the  final  toxin,  from  the  six 
ctiltures,  was  noted;  two  gave  toxin  of  which  one  L+  dose  was 
greater  than  0.5  cc.  Only  one,  from  the  Hygienic  Laboratory 
of  the  United  States  Public  Health  Service,  gave  toxin  having  an 
L+  dose  of  0.2~)  cc.  or  less.  The  toxins  from  two  of  the  remain- 
ing three  cultures  gave  L+  doses  of  0.50  cc.  and  the  other  one  had 
a  strength  of  L+  =  0.33  cc.  The  advisability  of  verifying  the 
toxicogenicity,  particularly  of  any  new  strain  of  the  organism,  is 
apparent.  The  parent  culture  is  best  maintained  on  slant  tubes 
of  moist  Loeffler  blood  serum,  transplants  to  bouillon  being  made 
as  desired. 

b.  Culture  medium. 

Of  the  various  media  recommended  for  toxin  elaboration  with 
B.  diphthevice,  we  have  found  plain  beef  infusion  broth  con- 
taining 2  ])er  cent  ])eptone  and  0.5  ])er  cent  sodium  chloride  to 
be  the  most  .satisfactory.  Extended  trial  with  veal  infusion  in 
place  of  the  beef  has  not  demonstrated  any  increase  in  toxico- 
genicity or  shown  any  other  advantages  to  warrant  its  use.  Beef 
from  various  sources,  including  both  cold  storage  and  fresh  prod- 
ucts, has  been  employed  in  the  infusion  with  eqtially  satisfactory 
results.  The  increased  acidity  at  times  encountered  with  cold 
storage  meat  has  not  been  found  to  require  any  special  treatment. 
Preliminary  fermentation  of  the  infusion  with  a  culture  of  B. 
coli,  as  first  recommended  by  Smith   (181)9).  to  remove  any  fer- 
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mentable  carbohydrates  is,  at  best,  an  unsatisfactory  procedure, 
and  in  our  experience  entirely  superfluous.  The  formation,  by 
the  colon  bacillus,  of  decomposition  products  which  may  give 
trouble  on  injection  of  the  tnial  dij)htheria  toxin,  must  also  be 
taken  into  consideration. 

-Mlowing  the  beef  to  infuse  over  night  is  not  very  practical 
with  large  scale  preparation.  Equally  satisfactory  results  are  ob- 
tained by  adding  twice  the  quantity  of  water  to  the  minced  beef 
and  bringing  to  a  boil  in  the  steam  kettle  in  the  course  of  about 
an  hour  and  a  half.  The  resultant  infusion  li(iu()r  is  tlien  obtained 
l)y  the  use  of  a  suitable  press. 

Fat  must  be  eliminated  from  beef  infusion,  as  even  traces  of 
fat  have  a  decided  inhibitory  action  on  the  production  of  diph- 
theria toxin.  This  has  been  demonstrated  on  numerous  occasions 
when,  out  of  the  same  lot  of  broth,  tliose  flasks  which  showed 
])articles  of  fat  gave  final  toxin  of  which  the  L+  dose  was  greater 
than  ()..")  cc.  while  the  strength  in  the  remaining  flasks  was  0.25 
cc.  or  less.  We  are  probably  dealing  here  with  a  surface  tension 
])henomenon.  similar  to  that  discussed  by  Larson.  Cantwell  and 
Hartzell  (  1!»1!))  in  their  recent  paper  on  the  influence  of  the  sur- 
face tension  of  media  on  the  growth  of  bacteria.  It  seems  quite 
likely  that  the  fat  depresses  the  surface  tension  of  the  bouillon, 
thus  forcing  B.  dipliflicricc  to  grow  beneath  the  surface  with 
resultant  diminution  in  the  formation  of  pellicle  and  toxin. 

Experimentation  with  differing  concentrations  of  i)e])tone 
from  0.5  per  cent  to  4  per  cent  has  shown  that  the  most  potent 
toxin  requires  a  peptone  content  around  2  per  cent.  Amounts 
uj)  to  4  per  cent  may  be  satisfactorily  employed,  l)ut  with  no  ad- 
vantage over  the  smaller  concentrations.  The  ])ej)tone  used  in 
preparing  the  toxin  under  observation  was  Racteriologic  Peptone. 
Parke,  Davis  &  Company,  the  com])osition  and  properties  of 
which  have  been  described  in  a  previf)us  article  (Davis,  IDIT). 
Twenty  grams  of  i)eptone  and  '>  grams  of  sodium  chloride  were 
added  to  every  liter  of  beef  infusion  prepared  as  above,  dissolved 
in  the  cold  and  then  l)rought  to  a  boil  in  the  steam  kettle  to  insure 
thorough  solution. 

Considerable  uncertainty  apjjears  to  exist  as  to  what  is  the 
most  satisfactory  initial  reaction  for  di])htheria  toxin  bouillon. 
Nearly  all  of  the  previous  investigators,  including  Roux  and  Yersin 
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(1888),  Spronck  (18!)8).  Madsen  (ISiK).  Park  and  Williams 
(1896).  Smith  (18!)9)  and  Lubenau  (  IDOiS),  have  employed  either 
neutralization  with  litmus,  which  is  crude  at  best,  or  "hot  titration"' 
with  ])henolphthalein,  a  procedure  which  is  admittedl)-  fallacious. 
The  writer  (Davis.  IIMS)  in  a  ])aper  on  "Hydrogen  ion  ccjncentra- 
tion  and  toxico<^cnicity  determinations  with  Bact.  diphthcricc," 
has  shown  that  ])otcnt  toxin  i>  ])ro(luced  in  bouillon  b\'  B.  dipli- 
tlicr'uc  onl}-  when  the  initial  reaction  falls  within  a  certain 
zone  of  alkalinity,  included  within  the  hydrogen  ion  concentration 
limits  of  about  T.O  X  10-"  (pH  =  7.2)  to  about  o.O  X  1<>-''  (  pH 
=  8.3).  'J'he  maximum  degree  of  potency,  however,  is  obtained 
when  the  reaction  of  the  broth  comes  within  the  narrow  limits  of 
pH  =  8.0  to  pH  =  8.2.  'IMiis  may  l)e  readily  and  consistently 
obtained  by  following  the  procedure  given  below  for  adjusting 
the  reaction. 

1.  Transfer  10  cc.  of  the  heated  l)roth  to  a  small  Erlenmeyer 
fiask  and  dilute  with  about  40  cc.  of  cold,  distilled  water.  Add 
0.5  cc.  of  a  1  per  cent  solution  (i)5  per  cent  alcohol)  of  phenol- 
phthalein  as  indicator  and  titrate  to  a  deep  pink  color  against  an 
N/10  NaOH  solution.  The  latter  is  preferably  prepared  when  re- 
quired as  an  exact  1/100  dilution  of  a  10/N  stock  solution.  The 
amount  of  the  strong  (10/N)  solution  required  to  neutralize  per 
liter  of  medium  is  given  directly  by  the  burette  reading.  Bring  to  a 
boil  again  in  the  steam  kettle,  and  estimate  the  hydrogen  ion  con- 
centration. 

2.  While  the  more  accurate  hvdrogen  electrode  method  is  desir- 
able for  comparative  and  standardization  purposes,  equallv  satis- 
factory results  for  routine  production  may  be  obtained  by  the 
colorimetric  method.  The  simple  "comparator"  of  Hurwitz, 
Meyer,  and  Ostenberg  (  1!M())  is  recommended  with  standardized 
boric  acid-potassium  chloride-sodium  hydroxide  mixtures  of  pH 
=^  8.0  and  pH  =  8.2,  prepared  as  directed  by  Clark  and  Lubs. 
Exactly  10  cc.  of  the  neutralized  bouillon  are  transferred  to  a 
"comparison"  tube,  diluted  with  10  cc.  of  distilled  water,  and 
mixed  well.  Ten  cubic  centimeters  of  the  mixture  are  now  removed 
to  another  tube  and  0.")  cc.  of  an  0.02  per  cent  solution  of  phenol- 
sulphonephthalein  in  50  per  cent  alcohol  next  added.  Two  other 
tubes  are  prepared  containing  10  cc.  respectively  of  the  standard- 
ized pH  =  8.0  and  pH  =  8.2  mixtures,  with  0.5  cc.  of  the  phenol- 
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sulphonei")hthalein  solution  in  each  tube.  The  technique  for  com- 
parison is  as  ,<,nven  by  Clark  and  Lubs  (  1917).  Usually,  the  value 
will  be  found  to  very  closely  aiii)roxiniate  pH  =  8.2.  If,  as  may 
sometimes  ballpen,  the  color  in  the  tube  containing  mediiun  ])lus 
indicator  is  lighter  than  the  compensated  pH  =  8.0  standard.  10,  N 
XaOH  can  ])e  atlded  directly  to  the  former  tube  until  the  desired 
tint  is  reached.  The  burette  reading,  multiplied  by  two  (since  the 
equivalent  of  5  cc.  of  the  medium  is  used)  gives  the  amount  of 
10/N  NaOH  required  to  correct  each  liter  of  broth. 

Experience  has  repeatedly  confirmed  the  observation  that  toxin 
of  greater  potency  is  obtained  from  broth  contained  in  large  flasks 
than  in  small  ones.  Other  conditions  being  equal,  we  can  expect 
to  find  dii)htheria  toxin  of  higher  strength  after  growth  in  a  six- 
liter  flask  ccmtaining  three  liters  of  broth  than  in  a  liter  flask  con- 
taining '->()()  cc.  Three  liters  of  broth,  dispensed  into  (J-liter,  Flor- 
ence type  flasks  have  l)een  employed  in  producing  the  toxin  under 
observation. 

It  has  undoubtedly  been  noted  in  every  laboratory  engaged  in 
diphtheria  toxin  production  that,  if  for  some  reason  it  becomes 
necessary  to  resterilize  media,  there  is  a  resultant  diminution  in 
the  strength  of  the  final  toxin.  From  experimentation  in  progress, 
to  be  reported  upon  in  a  later  publication,  it  appears  that  food 
accessory  factors,  possibly  of  a  vitamin  character,  are  concerned 
in  the  production  of  diphtheria  toxin.  This  makes  it  especially 
desirable  that  the  sterilization  period  of  the  medium  should  be  as 
short  as  possible,  to  reduce  destruction  of  the  accessory  factors 
to  a  minimum  and  yet  be  sufficient  to  ensure  thorough  heat  pene- 
tration. Autoclave  sterilization  at  120^C.  (15  pounds  steam  pres- 
sure) for  a  period  not  exceeding  thirty  minutes  has  given  satis- 
faction. 

c.  Cultivation. 

The  parent  culture  of  R.  dipJithcritc  on  the  Loeffler  slants 
is  transplanted  through  several  twenty-four-hour  generations 
in  tulies  containing  10  cc.  of  ])oui]lon  to  stinndate  maximum 
pellicle  formation.  The  tubes  are  then  used  to  inoculate  small 
"starter"  flasks  containing  30  cc.  of  medium,  which  are  also  incu- 
bated for  twenty-four  hours.  The  large  flasks  of  broth  are  now 
inoculated  with  the  twenty-four-hour  "starters,"  allowing  one  for 
each  large  flask.     .\  temperature  range  of  30°  to  38°C.  has  been 
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found  most  satisfactory  for  incuhiition.  Xunu-rous  potency  tests 
have  demonstrated  that  at  least  ten  days"  incubation  of  the  large 
flasks  is  necessary  to  ensure  maxinnnn  elaboration  of  toxin,  and 
a  twelve-day  period  is  desirable.  As  has  been  shown  in  a  t)revious 
pul)lication  (Davis.  lOlcS).  toxin  of  appreciable  strength  is  elab- 
orated by  toxicogenic  cidtures  within  forty-eight  hours.  The 
potency  gradually  increases  to  a  maximum  xalue  about  the  twelfth 
day.  occasionally  sooner.  Incubation  for  an  additional  period  of 
two  weeks,  or  four  weeks  altogether,  shows  no  deterioration  of 
the  final  toxin.  That  this  behavior  is  not  contined  specificallv  to 
the  i^eptone  employed  is  i)roved  by  the  fact  that,  with  the  pro- 
cedure as  given  above,  Witte"s  i)eptone  i)ermits  of  similar  results. 
In  this  case,  toxin  of  maxinuuu  potency  is  obtained  in  the  large 
flasks,  only  after  a  two-weeks'  incubation. 

When  cultivated  in  plain  bouillon  under  the  optimal  conditions 
already  described,  B.  dipJitlicr'uc  causes  an  initial  increase  in  the 
hydrogen  ion  concentration  of  the  medium.  This  is  soon  followed 
])\-  a  stead\-  decrease  until.  ap|)arently.  a  limiting  alkaline  reaction 
is  attained.  The  following  table,  taken  froiu  the  article  on  hydro- 
gen ion  concentration  determinations  mentioned  above  (  Davis. 
1!)18).  shows  these  changes  with  a  tf^xicogenic  strain. 

(  lunu/i's  III  H-ioii  concentration  and  to.vicofjcnicity  dur'uui  firon'th  of 
B.  diplitlicricr  in  bouillon. 


TIME 

Ch 

pH 

TOXICITV    L       DOSE 

hours 

CC. 

0 

7.0  X  10-» 

8.15 

24 

2.1X10-' 

7.68 

1.0 

48 

3.2X10-' 

7.49 

0.8 

72 

3.8  X  10-8 

7.41 

96 

3.4  X  10-8 

7.47 

0.55 

120 

2.1X10-8 

7.68 

144 

2.5  X  10-8 

7.61 

0.45 

192 

2.3  X  10-8 

7.64 

240 

1.6X10-8 

7.79 

0.15 

312 

8.7  X  10-' 

8.05 

0.15 

408 

7.0  X  10-9 

8.15 

0.15 

528 

5.0  X  10-' 

8.30 

0.13 

It  is  further  shown  in  the  same  publication  that  the  final  hy- 
drogen ion  concentration  of  high  strength  toxin  L+  dose  ( less  than 
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(>.v^")  c-c.)  after  two  weeks  incubation  ranged  from  Cii  =  l.G  X 
10-^  (pll  =  :.:!))  to  Cii  =  r).2  X  lO-'-'  (pH+  =  8.28).  At  the 
same  time,  low  strength  to.xins  were  obtainech  the  final  H  ion  con- 
centration of  which  came  within  the  ahove  limits.  It  is  obvious 
from  the  table  that  in  the  norma!  (levelo])ment  of  B.  dif^hthcrlcc 
in  l>tniil](in.  the  organisms  may  ])ro(luce  the  same  11  ion  concen- 
tration at  tw(»  different  intervals  which  represent  wide  variations 
in  ])otency.  This  fact,  and  what  has  been  stated  above,  justify 
the  concln>i(in  that  there  is  no  direct  relationship,  during  or  after 
growth,  between  the  11  ion  concentration  of  the  medium  and  ])ro- 
duction  of  toxin. 

d.  Final  operations. 

'The  contents  of  the  large  toxin  flasks,  after  proper  incubation, 
are  checked  microscopically  to  determine  purity  of  culture ;  0.4 
per  cent  of  purified  cresols  is  then  added  and  allowed  to  act  for, 
at  least,  twenty-four  hours  to  ensure  thorough  germicidal  action. 
As  a  rule,  filtration  can  be  accomplished  satisfactorily  through 
I^aper,  otherwise  Alandler  filters  may  be  employed.  During 
the  above  operations  and  in  the  finished  condition,  the  toxin  should 
be  stored  in  a  cool  place. 

It  has  been  our  experience  in  evaluating  the  strength  of  the 
diphtheria  toxin  for  injection  purposes,  that  the  L+  dose  method 
(according  to  the  Hygienic  Laboratory)  furnishes  a  more  reliable 
index  than  determination  of  the  minimum  fatal  dose.  Although 
the  theoretical  relationship  may  not  exactly  hold,  the  L+  dose  for 
all  ])ractical  purposes  may  be  considered  as  100  M.  F.  D. 

III.  GENERAL  OBSERVATIONS. 

It  will  be  readily  conceded  that  we  can  best  judge  the  value  of 
what  has  been  presented  from  the  actual  results  of  practical  appli- 
cation. Data  obtained  during  the  past  year  in  the  production  of 
several  thousand  gallons  of  di])htheria  to.xin  l)y  the  general  method 
indicated,  are  summarized  below. 

Diphthcrifi    toxin 
Percentage  of  total  toxin  liai'ing  L+  dose 


ABOVE  0.50  cc. 

0.50  cc. 

0.33  cc. 

0.25  cc.  OR  LESS 

(m.f.d.  >  0.005  cc) 

(m.  r.  D.,  0.005  cc.) 

(u.  F.  D  ,  0.0033  cc.) 

(m.  f.  d.,  0.0025  cc  OR  LESS) 

10.2 

11.3 

35.5 

43.0 
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PRODICTIOX    Ki:SULTS. 

As  may  be  noted,  practically  *••()  per  cent  of  the  toxin  produced 
was  of  usable  stren<i;th,  — L+  dose  =  O.-IO  cc.  or  less.  Of  this, 
more  than  T<S  per  cent  was  hii^h  strenj^th.  havin<:^  an  T.+  dose  of 
()..'!.")  cc.  or  less,  and  1.'!  ])er  cent  was  so  strong-  thai  one  L+  dose 
was  O.2.")  cc.  or  less.  In  view  of  the  fact  that  only  about  10  per 
cent  of  the  large  amount  of  toxin  produced  failed  to  reach  a  de- 
sirable strength,  the  ])rocedure  and  medium  recommended  above 
can  be  considered  as  meeting  practical  requirements. 

It  is  interesting  to  note,  in  connection  with  the  production  of 
diphtheria  toxin,  that  no  definite  seasonal  or  weekly  variation, 
as  mentioned  by  MacConkey  (1!)12),  was  observed.  Occasion- 
ally, one  or  two  bottles  of  a  large  lot  would  show  an  inferior  or 
weak  toxin,  in  spite  of  the  fact  that,  as  far  as  could  l^e  determined, 
the  contents  of  all  bottles  after  filtration  should  have  been  identical. 

Data  have  been  obtained  in  this  study  supporting  the  view 
that  the  troublesome  local  reactions  encountered  witli  horses  in 
diphtheria  treatment  may  be  largely  attributed  to  the  method  of 
controlling  the  hydrogen  ion  concentration  of  the  toxin  bouillon. 
It  is  a  fact  that  in  the  use  of  the  toxin  under  observation,  prac- 
tically no  local  reactions  have  been  experienced.  It  is  also  true 
that  adjusting  the  toxin  bouillon  l)y  the  colorimetric  H  ion  method 
discussed  above  requires  considerably  less  alkali  than  the  use  of 
the  inaccurate  "hot  titration"  method  formerly  employed.  Whether 
it  is  the  decreased  amount  of  alkali  used  or  possibly  a  diminished 
content  of  toxone  bodies  in  the  final  toxin  which  is  responsible 
for  the  favorable  results  must  be  left  for  further  study. 

Consideration  of  the  foregoing  production  results  would  not 
be  complete  without  data  showing  the  antitoxic  response  to  injec- 
tion of  the  diphtheria  toxin  in  horses.  In  the  final  analysis,  this 
determines  the  utility  of  the  toxin  and.  consequently,  the  value 
of  the  methods  and  culture  medium  which  are  recommended.  A 
summary  has  been  prepared  in  the  succeeding  table  to  show  the 
potency  of  the  antidiphtheric  serum  obtained  in  the  first  yield  from 
horses  immunized  during  the  past  year  with  the  toxin  under  dis- 
cussion. The  first  large  scale  bleeding  has  been  chosen  for  the 
valuation  because  experience  has  shown  that  the  potency  of  this 
serum  represents  more  closely  than  that  from  any  of  the  suc- 
ceeding bleedings  the  true  value  of  the  toxin  injected. 
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Diphtheria  antitoxin 

Percentage  of  new  horses  yielding  cerurn 


UP  TO 
2CJ  A.  o. 

TOO  A.  U.  TO 

500  A.  n. 

SnO  A.  U.TO 

1000  A.  u. 

1000  A.  V.  TO  ABOVl: 

1500  A.  u. 

22  4 

27.7 

34.3 

15.6 

Analysis  of  tlie  talkie  shows  tliat  nearly  m*^  per  cent  of  all  the 
new  horses  injected  during  the  past  year  with  the  toxin  under 
consideration  produced  a  serviceahle  antidiphtheric  serum  ( ;'.  e., 
having  a  ]xitency  on  first  hleeding  of  200  antitoxin  units  or 
greater).  Eighty  per  cent  of  the  productive  horses  (or  82  per 
cent  of  the  total  number)  gave  serum  ranging  from  200  to  1000 
units,  20  per  cent  (15.6  per  cent  of  the  total  number)  yielded  the 
high  potency  products  from  1000  to  above  1500  antitoxin  units, 
and  44  per  cent  (34.3  of  all  of  the  treated  horses)  came  within 
the  moderately  high  range  from  500  to  1000  a.u.  The  foregoing, 
and  the  fact  that  it  has  been  possible  in  routine  operation  to  im- 
munize horses  to  an  antitoxin  strength  exceeding  1500  units  per 
cubic  centimeter,  can  be  taken  as  proof  that  the  toxin  used  is 
fully  satisfactory  to  meet  all  requirements  of  diphtheria  anti- 
toxin j^roduction. 

SUMMARY. 

1.  A  resume  of  the  more  important  literature  on  the  produc- 
tion of  diphtheria  toxin  is  given.  This  shows  wide  divergence 
of  procedure.  The  recent  scarcity  of  Witte  peptone  and  failure 
of  many  substitute  products  to  allow  of  appreciable  toxin  forma- 
tion have  further  complicated  the  methods  employed. 

2.  The  essentials  for  the  routine  production  of  high  potency 
diphtheria  toxin  are  discussed.  It  is  shown  that,  other  condi- 
tions being  the  same,  the  toxicogenicity  of  the  culture  employed 
may  vary  within  wide  limits,  according  to  the  source.  The  neces- 
sity of  verifying  toxin  production  with  any  new  strain  is  made 
apparent. 

3.  Plain  beef  infusion  bcniillon,  containing  ]X'i)tone  and  salt, 
is  recommended  for  toxin  production.  Preliminary  fermentation 
of  the  infusion  with  a  culture  of  B.  coli  is  shown  to  be  unde- 
sirable.   The  u.se  of  veal  infusion  in  place  of  beef  is  unnecessary. 
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Even  traces  of  fat  must  be  avoided  in  the  infusion  a.s  it  mterferes 
with  maxiniuni  pellicle  formation  and  thus  diminishes  toxin  elab- 
oration. 

1.  A  content  of  2  per  cent  peptone  with  ().")  per  cent  of  salt 
in  the  bouillon  has  been  found  to  be  most  satisfactory. 

5.  Maximum  strength  of  the  final  toxin  has  been  obtained 
when  the  reaction  of  the  broth  comes  within  the  limits  of  pH+  = 
8.0  to  pH+  =  8.2.  A  procedure  is  given  for  adjusting  the  hydro- 
gen ion  concentration  to  these  values. 

G.  Cultivation  for  toxin  production  is  best  made  in  large 
flasks,  previously  inoculated  witli  twent\-four-hour  cultures  in 
small  "starter"  fiasks.  Incubation  is  for  at  least  ten  days  at 
36°-38^C.,  with  a  twelve-day  period  preferred.  Data  are  pre- 
sented showing  that  the  H  ion  concentration  of  the  medium 
during  growth  cannot  be  used  as  an  index  of  diphtheria  toxin 
production. 

7.  Results  are  tabulated  which  have  been  obtained  during  the 
past  year  in  the  production  of  several  thousand  gallons  of  diph- 
theria toxin  according  to  the  procedure  discussed.  Practically 
!)0  per  cent  of  this  toxin  was  of  serviceable  strength,  — L+  dose 
=  0.50  cc.  or  less.  Of  this  more  than  78  per  cent  was  high 
strength,  having  an  L+  dose  of  0.33  cc.  (M.  F.  D.  =  0.0033  cc.) 
or  less,  and  43  ])er  cent  had  an  I.+  dose  of  0.'^')  cc.  (M.  1"".  D.  = 
0.0025  cc.)  or  less. 

The  efficiency  of  this  toxin  in  the  routine  immunization  of 
horses  for  antitoxin  is  shown  by  records  of  antidiphtheric  serum 
production  during  the  past  year.  Nearly  78  per  cent  of  all  new 
horses  on  this  treatment  produced  serviceable  antidiphtheric 
serum.  /'.  c,  having  a  potency  on  the  first  large  scale  bleeding  of 
200  antitoxin  units  or  greater.  Of  the  productive  horses.  80  per 
cent  gave  serum  ranging  from  200-1000  units,  44  per  cent  yielded 
a  product  from  500-1000  units,  and  20  per  cent  had  serum  com- 
ing within  the  very  high  range  from  1000  to  above  1600  antitoxic 
units  per  cubic  centimeter. 
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NOTES  ON  THE  MICHIGAN  FLORA.     II. 

(Kciirintcil   tn.iii   llic   'rwcntyhrst    Mii-liinan   .Xcad.    Sci.    Kipt.,    HUll. ) 

Olivkr  Atkix.s  Farwell. 

(  De|iartnif lit    Botany.    Parke.    Davis   \-    C'u.,    Dt-troit.    Mich.) 

In  the  Michigan  Flora'  the  enumeration  l)egins  with  the 
Ophioglossaceae.  presinnahly  imder  the  sui)])ositi()n  that  this  fam- 
ily is  the  most  ])rimitive  of  the  Filicales.  In  these  notes  the  order 
of  genera  is  that  of  Gray's  Manual,  ed.  7." 

POLYl'ODIACEAE. 

Phcgoptcris  Robcrtiarui  (HofTm.)  A.  Rr.  is  to  be  looked  for 
in  Michigan  as  its  range  crosses  the  State. 

AUosorus  and  Cheilanthes  were  published  in  the  same  year, 
the  former  appearing  first.  It  was  based  on  the  "Adianta  spuria'" 
of  Swartz,  some  nine  species,  eight  of  which  were  included  in 
Cheilanthes  by  Swartz.  who  referred  AUosorus  as  a  synonym 
to  his  Cheilanthes.  Since  Allo.sorus  was  based  not  on  one  species 
but  on  all  the  ''Adianta  spuria"  (nine  species)  of  Swartz. 
the  name  must  therefore  be  retained  for  that  group  con- 
taining the  larger  number  of  species  which  are  congeneric.  Also 
according  to  the  Vienna  Code.  Article  45,  "If  .  .  .  .  one 
of  the  parts  detached  contains  a  great  many  more  s])ecies  than 
tlie  others,  the  name  is  reserved  for  that  part  of  it.''  Of  the 
nine  species  on  which  Rernhardi  founded  AUosorus,  Swartz 
referred  eight  to  his  Cheilanthes.  creating  a  new  genus.  Mohria. 
for  the  other.  The  majority  of  the  species  on  which  Rernhardi 
founded  AUosorus  are  unquestionably  congeneric  with  those 
species  on  which   Swartz   founded  his   Cheilanthes.  and   the   two 


'Beal,  W.  .1..  Michigan  Flora.  A  list  of  the  Ferns  and  Seed  Plants  growing  with- 
out  cultivation.  (  Reprinted  from  Fifth  Rejiort  of  the  Michigan  Academy  of  Science, 
1004.)      Lansing.    1904. 

-In  the  region  of  Gray's  Manual  there  are  three  other  species  of  the  genus.  These 
are  AUosorus  Alahamcnsis  (Ruckley)  O.  K.;  AUosorus  tomcntosiis  (Link)  n.  comb. 
(Cheilantlies  tomcntosa  Link.  Hort.  Berol.  2,  42.  18.33);  AUosorus  gracilis  (Fee)  n. 
comb.  (Myriopfcris  gracilis  Fee,  Gen.  Fil.  1.50,  18,50-2).  The  earlier  A.  gracilis  of 
Presl.  is  a  synonym  of  Cryptogramma  Stelleri  (Gmel.)  Prantl.  and  cannot  interfere 
with  the  use  of  the  name  "gracilis"  for  this  species. 
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generic  names  are  synonymous.  Art  !(>,  "WHien  two  or  more 
groups  of  tlie  same  nature  are  miited.  the  name  of  the  oldest 
is  retained.""  As  Allosorus  is  older  than  Cheilanthes  the  latter 
must  give  way  to  the  former.  This  may  he  deplorable,  hut  no 
other  conclusion  can  he  arrived  at  under  the  X'ienna  Rules. 

Ai.i.DSoKts  i.A.xos.v  ( ]\Ix. )  n.  conih.  (  Xvplirodiuiii  laiiosiiiii 
]\Ix.  Fl.  l)or.  Am.,  2T0,  1803).  The  range  of  this  species  crosses 
Michigan;  it  should  he  looked  for  in  the  rockv  sections  of  the 
Upper  Peninsula. 

1  have  been  informed  by  Dr.  H.  T.  Darlington  of  the  Mich- 
igan .\gricultural  College  that  the  specimens  of  Pcllaca  atropur- 
purca  ( L.  )  Link  from  ^Michigan  have  a  glabrous  rhachis  and 
rachiola  which  ])roves  our  plant  to  be  P.  glabella  Mett. 

Asplciiiuiii  viridc  Huds.  should  be  looked  for  in  the  lime-stone 
regions  of  the  Upper  Peninsula. 

The  j:)ro])er  authority  for  the  combination  A.  Filix-fcniiini  var. 
Michau.vii  (Spreng.)  is  Clute. 

JVoodsia  scopulina  D.  C.  Eaton  of  Michigan  and  Minnesota 
has  been  described  as  a  new  species,  IV.  Cathcartiana  Robinson; 
the  former  name  should  therefore  disappear  from  the  Michigan 
Flora.  \V .  glabella  R.  Br.  should  be  looked  for  along  the  .shores 
of  Lake  Superior. 

Pteretis  is  the  oldest  name  for  the  Ostrich  Fern,  as  shown 
by  Dr.  Xieuwland.  Our  plant  is  not  exactly  identical  with  the 
European  type.  It  has  been  described  as  a  distinct  species  and 
as  a  variety.  The  dififerences.  however,  are  scarcely  of  specific 
value  and  it  may  better  be  considered  as  a  good  geographical  vari- 
ety. It  may  be  known  as  Pteretis  Struthiopteris  (L.)  Nieuwl. 
var.  Pexxsyj-VAXIca  (Willd.)  n.  comb.  (Siruth'wpteris  Pennsyl- 
vanica  Willd.     Sp.  PI.  v.  289,  1810). 

OsniKiida  eiiniaiiioinea,  L.  var.  frondosa  (irax.  This  rare 
form  with  some  of  the  fertile  fronds  partly  sterile  below  was 
found  at  Port  Huron,  June  23,  1918.     No.  4,900. 

Osmunda  regalis  L.  var.  spectabilis  (Willd.)  Milde.  The  spe- 
cific type  has  green  fronds  at  all  times  and  the  pinnules  are 
abruptly  narrowed  just  above  the  broad  base,  thence  gradually 
tapering  to  an  apex.  I  have  not  found  anything  answering  to 
this  form.  Our  plant  is  purplish  when  young,  often  glaucous 
on  the  stipes  and  the  pinnules  are  r.ot  contracted  just  above  the 
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base,      h   aii>\vers   to   W'ilklenow's   ().   spcctahilis   and   is  a   good 
geographical  variety. 

OPIIIOGLOSSACKAE. 

'Jlie  plant  listed  as  Botrxchiuiu  horcalc  (  Vv'ws  )  Mildc  is  a  torm 
of  B.  Matricariacfolium  R.  Br. 

EQUISETACEAE. 

The  evergreen  species  of  luiuisetuni  (  Tourn. )  I-.  have  been 
taken  out  of  that  genus  and  now  constitute  the  genus  Hippochaete 
Alilde.  For  si>ecies  and  varieties  see  Memoirs  New  York  Botan- 
ical Gardens,  Vol.  G,  pages  4fil-T3,  and  American  lu'rn  Journal, 
Vol.  7,  pages  73-6.  IDK.  //.  prealta  var.  intermedia  was  collected 
near  Port  Huron,  June  'i'^.  1918.  No.  4,962.  //.  Nclsoni  was 
collected  in  Lenawee  County,  in  1917,  by  Mr.  Cecil  Billingtun. 

SELAG 1 1\  ELLACEAE. 

Fernald  has  shown  that  "apus"'  is  not  the  Linnaean  specitic 
appellation  for  our  slender,  creeping  species.  'i"he  proper  binomial 
is  Selaginclla  apodnm  (L.)   Fernald. 

PINACEAE. 

p.  Banksiana  Lanil).  is  the  proper  designation  for  the  Jack 
Pine. 

Two  species,  the  White  spruce.  Ficca  Ca)iadensis  ( IMill. )  B. 
S.  P.,  and  the  Hemlock  Spruce,  Tsuga  Canadensis  (L)  Carr. 
derive  their  specific  names  from  the  same  source — the  Finns 
Ca)iadensis  L.  It  is  true  that  "(Mill.)"  is  quoted  as  the  original 
author  of  the  specific  name  of  the  former,  but  this  is  an  error, 
as  ^liller  took  his  specific  name  and  technical  description  bodily 
from  Linnaeus.  One  or  the  other  must  drop  the  specific  name 
Canadensis,  as  the  specific  name  can  apply  to  but  one  element  of 
the  aggregate  when  it  is  segregated.  The  White  Spruce  is  Picea 
Canadensis  (L.)  B.  S.  P.;  the  Hemlock  Spruce  is  Tsuga  Amer- 
icana (Mill.)  Farwell.  See  Bid.  Tor.  Bot.  CI.  \\)1.  41,  page  621, 
1914,  and  Rhodora,  Vol.  17,  pages  164-8,  1917. 

Juniperus  Virginiana  L.  On  the  rocky  shores  of  Keweenaw 
Point,  many  years  ago,  I  collected  specimens  (jf  a  prostrate  Juni- 
per, creeping  or  trailing  over  rocks,  with  the  habit  of  /.  horizon- 
talis;  the  leaves  and  fruit  on  erect  peduncles  proved  it  to  be  /.. 
Virginiana  L.     I  have  not  seen  the  trailing  form  since  that  time.. 
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Junif'cnts  Sahiiia  L.  The  American  Savin  is  now  j^enerally 
considered  to  be  a  distinct  species  from  the  European  and  should 
be  known  as  J.  Jwricontalis  Moench. 

TVPHACEAE. 

Typha  latifolia  L.  The  coninion  Cat-tail  is  found  throui,diout 
the  State  along  the  borders  of  streams  and  ponds.  The  typical 
form  has  both  the  staminate  and  ]>istillate  spikes  of  about  equal 
length  and  without  any  space  between  them.  A  form  with  the 
spikes  about  ."5  centimeters  apart  is  var.  aiubigua  Sond.  Shores  of 
Belle  Isle,  Aug.  11.  1893;  No.  353b.  Another  form  with  the 
spikes  slightly  separated  and  the  staminate  spike  longer  than  the 
pistillate  is  the  var.  rcmotiuscida  Simonkai.  Keweenaw  Co.,  Sep- 
tember 4,  1885,  No.  353;  Ypsilanti,  June  21,  1892,  No.  383a. 

Typha  angustifoUa,  L.  The  narrow-leaved  Cat-tail  is  usually 
said  to  be  rare  inland.  I  have  seen  acres  of  it  in  marsh  lands 
in  the  vicinity  of  Wind  Mill  Point  at  the  head  of  Detroit  River, 
Sept.  19.  1!»01,  No.  1,761;  Oakwood.  Sept.  23,  1915,  No.  4,108; 
Junior.  July  13,  1918,  No.  5,076. 

SPARGANIACEAE. 

Spargan'mui  simplex  var.  angustifolium  is  now  considered  as 
specifically  distinct  and  should  be  known  as  ^\  angusfifolinui  Mx. 

FLUVIALACEAE. 

Potamogcton  dizrrsif alius  Raf.  of  the  Michigan   Mora  should 
become  P.  hybridus  Mx. 

Potamogcton  filiforniis  Pers.  shoulcl  become  P.  mariiius  L. 
Among  many  modern  l)otanists  there  has  sprung  up  a  very  dis- 
concerting practice,  and  a  needless  one  as  well,  of  replacing  old 
anrl  well  known  names  by  those  of  a  later  date,  because,  forsooth, 
the  authors  are  not  able  to  interpret  to  their  own  satisfaction  the 
older  descriptions  ;  hence  the  name  is  set  aside  as  a  "confusing" 
name.  There  would  be  much  less  "confusion"  if  old  names  were 
not  discarded  unless  it  could  be  proved  beyond  a  shadow  of  doubt 
to  what  sjjecies  they  do  1)elong ;  this  cannot  l)e  done.  To  retain 
the  old  name,  therefore,  for  the  species  for  which  it  had  stood 
unchallenged  for  i)erha])s  a  century  and  a  half,  more  or  less,  would 
be  not  only  the  better  plan  but  much  less  "confusing." 
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Potaiiio(/ct()>i  intcnuf^tus  Kit.  should  be  dropped  as  it  has  been 
shown  by  Mr.  St.  John  that  this  s])ecies.  if  distinct  from  P.  pcc- 
tiuatus  L..  does  not  occur  in  this  country. 

P.  lonchitcs  Tuckerman  becomes  P.  Amcricanus  C.  &  S. 

P.  Nutfallii  Cham,  and  Sch.  becomes  P.  cpihydrus  Kaf. 

P.  spathulacfontiis  (Robbins)  Morons^,  becomes  P.  spatliac- 
foniiis  Tuckerman. 

P.  Spirillits  Tuckerman  becomes  P.  dimorphus  Kaf. 

P.  Zicii  Roth  becomes  P.  aiu/ustifolius  Berch.  &  Presl. 

P.  zostcracfolins  Schimi.  becomes  P.  comprcssus  L. 

P.  Fricsii  Ruprecht  l)ecomes  P.  }>incro)iati{s  Schrad. 

Other  species  and  varieties  crecHted  to  Michitj^an  are  the  fol- 
lowing : 

P.  cpihydrus  var.  Cayitgoisis  (W'ieg.)   Benn. 

P.  Amcricanus  var.  Noz'achoracoisis    (IMorong.)    Benn. 

P.  huplcuroidcs  Fernald. 

P.  strictifolins  Benn. 

P.  rufilus  IVolffj.  \v  various  slips  at  Detroit  June  20,  1900. 
No.  J, 636a. 

NAJADACEAE. 

Najas  flcxilis  (W'illd.)  Rost.  &  Schm.  var.  coxc.kst.v  n.  var. 
Stems  short,  much  branched,  and  forming  a  dense,  more  or  less 
globular  mass,  like  a  small  pin  cushion,  1-3  inches  in  diameter. 
Detroit  R. ;  Sept.  23,  1892,  No.  1,312b. 

"Naias"'  should  be  s])elled  with  a  "j,"  not  with  an  '"i." 

JUN'C.AGINACEAE. 

Scheuchzeriaceae  should  become  Juncaginaceae. 

ALISMOIDACEAE. 

Alismaceae  should  become  Alismoidaceae. 

Sagittaria  sagittacfolia  L.  becomes  S.  lati folia  Willd.;  the 
forma  angustifolia  becomes  S.  latifolia  f.  gracilis  (Pursh.)  Rob- 
inson; the  other  forms  enumerated  remain,  but  the  authority  for 
them  under  5".  latifolia  is  Robinson  instead  of  Britton.  S.  rigida 
Pursh  becomes  6".  heterophylla  Pursh  with  vars.  cllipfica  Engelm ; 
rigida  (Pursh)  Engelm;  and  angustifolia  Engelm. 

Echinodorus  tcncllus  (Alart.)  Buch.  This  is  no  longer  con- 
sidered to  be  a  species  of  Alisma. 
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A.  Phuitiuio-aquatica  L.  is  not  found  in  America  ;  there  is  a 
variety  Americana  R.  &  S.  and  a  variety  part'iflora  (  Pursh )  Far- 
well.     Both  are  found  in  Michigan. 

IIVDROCIIARIDACKAE. 

\  alisneriaceae  l)econies   ll\  ih-ocharidaceae. 

Philotria  l\af.  becomes  Elodea  Mx. 

P.  Canadensis  (Mx.)   Rritton  becomes  /:.  Canadensis  Mx. 

GRAMINACEAE. 

Gramineae  becomes  Graminaceae. 

Zca  Mays  L.  Corn,  Maize.     Adventitious. 

Andropoiion  seopanus  Mx.  var.  frequens  Hubh.  replaces 
Andropogon  scoparius  Mx. 

SorgJiastruui  nutans  (L.)  Nash  should  replace  6".  avenaceum 
(Mx.)   Nash. 

Syntherisma  Walt,  becomes  Digitaria  Heist. 

.v.  linearis  (Krock)   Nash,  becomes  D.  linearis  (L.)   Pers. 

S.  sanguinulis  (L.)  Dulac.  becomes  D.  sanguinalis  (L.)  Scop. 

D.  filiforinis  (L.)  Koeler  is  credited  to  Mich,  in  Gray's  Man- 
ual. 

Ecliinochloa  Crusgalli  (L.)  Beauv.  Greenish  or  yellowish 
with  awns  up  to  about  2  cm.  in  length.  Keweenaw  Co.,  No.  648, 
Aug.  8,  1888;  Detroit,  No.  G48b.  July  21,  1892. 

E.  Crusgalli  forma  mitis  (Pursh)  n.  comb.  (Panicnin 
Crusgalli  var.  mite  Pursh.  Fl.  Am.  Sept.  1,  66,  1814).  Most  of 
the  flowers  are  muticous,  not  awned.  Detroit,  Aug.  18,  1893, 
No.  648a;  Orion,  Aug.  29,  1895,  No.  648c;  Marquette,  Aug.  1902, 
No.  648d. 

E.  Crusgalli  forma  purpurea  (Pursh)  n.  comb.  {Panicuin 
Crusgalli  var.  purpureum  Pursh.  Fl.  Amer.  Sept.  1,  66,  1914.) 
Panicles  purplish,  flowers  muticus  to  acuminate,  the  acumination 
about  as  long  as  the  floret.     Detroit,  Oct.  2,  1900,  No.  170]. 

E.  Crusgalli  (L.)  Beauv.  forma  sabulonum  n.  f.  (Panicum 
Crusgalli  var.  sabulonum  Trin.  Gram.  2,  pi.  163,  1829).  Panicle 
pyramidal,  lower  branches  elongated  (10  cm.  long),  with  sec- 
ondary branchlets  2-3  cm.  in  length,  awns  3  cm.  long,  purplish 
and  hispid.    Detroit,  Oct.  2,  1900,  No.  17013^. 

/:.    Crusgalli    fL.)    Beauv.    forma    long'iseta   n.    f.    (Panicum 
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Crusi/aUi  var.  loiujisctuiii  'IVin.  (irain.  2,  pi.  1()2,  18*^!>?).  Sim- 
ilar to  the  species  but  awns  ahmit  twice  as  Idhl;-  (  u])  to  ">  cm.) 
and  more  or  less  purplish;  bulbous  bases  of  hairs  slightly  lars^er 
and  more  numerous;  ajipearing  as  if  indigenous.  Marshy  bor- 
ders of  Belle  Isle.  Sept.  23.  1904,  No.  1887. 

E.  Crusg.vlli  var.  mukicata  (Mx.  )  n.  comb.  (Panicum  iiiiiri- 
catum  Mx.  Fl.  Bor.  Am.  I.  t7,  1803  ;  fi.  muricata  (  Mx. )  Fernald). 
This  variety  is  rare  com])are(l  wiili  the  ])rcce(ling.  The  rigid 
hairs  and  their  bulbous  I)ases  are  conspicuous  and  give  to  the 
si)ikelets  somewhat  the  appearance  of  a  Cenchrus.  Detroit,  Aug. 
13,  1902,  No.  1T82. 

Ccnchnis  tribidoidcs  L.  In  Belle  Isle,  June  21,  1905,  No.  1919. 
Rare.  The  note  under  this  name  in  the  Michigan  Flora  refers 
entirely  to  Cenchrus  Carolinianus  Walt,  which  is  very  common. 

Savastana  ODORATA  var.  FRAGRANs  (WiUd.)  u.  comb.  (Holcus 
fragmns  Willd.  Sp.  PI.  IV.  93(5,  1805).  The  plant  in  Michigan 
apparently  is  not  exactly  identical  with  the  species ;  the  above 
name  should  be  adopted.  Keweenaw  Co.,  Aug.  21,  1890,  No.  801 ; 
Rochester,  May  23,  1910,  No.  801a;  Parkedale,  May  19,  1912, 
No.  2555. 

Anflio.vanthum  odoratuni  L.  has  been  collected  near  Palmer 
Park  by  Mr.  C.  Billington. 

Orysopsis  pungcns  ( Torr. )  Hitch,  should  replace  the  name 
O.  jnncca  (Mx.)  B.  S.  P.  I'.lutfs  in  Keweenaw  Co..  May  •'!(),  1884, 
No.  214. 

O.  raccinosa  (J.  E.  Sm. )  Ricker  should  replace  the  name  O. 
mclauocarpa  Muhl.  Rochester.  May  12.  1909,  No.  20:3. 

Alopccurus  aristulatus  ]\Ix.  shtnild  replace  A.  (jcnicidatns  L. 
Belle  Isle.  June  4.  1895.  No.  972;  Detroit.  June  17.  1911,  No.  214a; 
Port  Huron.  June  23.  1!)18,  No.  49(i!). 

Sporobolus  brcvifolius  (Nutt)  Nash,  should  be  transferred  to 
IVIuhlenbergia,  where  it  becomes  M.  cuspidata  ('i'orr. )  Rydb.  Ke- 
weenaw Co.,  June  27,  1895,  No.  848  ;  and  Muhlcnhergia  squarrosa 
(Trin.)  Rydb.  Keweenaw  Co.,  July  1.  1895,  No.  849K'- 

Sporobolus  serotinus  (Torr.)  Gray  should  be  replaced  by  .S". 
uniflorus  (Muhl)  Scribn.  &  Merr.  Keweenaw  Co.,  Aug.  15,  1887, 
No.  526.  and  Aug.  20.  1887,  No.  52r,a. 

Agrostis  stolonifera  L.  (A.  vulgaris  With).  In  the  .Species 
Plantarum  p.  ()2,  1753,  Linnaeus,  under  this  name,  combined  the 
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two  species  later  known  as  A.  z'ulgaris  With,  and  A.  vcrticUlata 
Vill.  Two  years  later  in  1755  in  the  Flora  Suecica,  page  22,  he 
used  the  same  name  and  description  for  a  plant  that  was  common 
in  Sweden,  thus  himself  fixing  the  type  of  his  A.  stolonifcra.  As 
A.  vcrticUlata  was  not  known  to  occur  in  Sweden  at  that  time,  the 
name  must  perforce  he  construed  as  applying  to  the  A.  I'ulgaris 
wliich  was  common  there.  The  panicle  is  slightly  purplish  and 
minutely  roughish.  Keweenaw  Co.,  July  5,  1895,  No.  8")() ;  Belle 
Isle.  July  21,  1895,  No.  856a. 

A.  STOLONiFERA  fomia  HispiDA  (WiUd.)  n.  comh.  {A.  hispida 
Willd.  Sp.  PI.  1,370,  1797).  Panicle  long  hispid.  Keweenaw  Co., 
July  5,  1895,  No.  856  1/3. 

A.  STOLONIFERA  var.  PALUSTRis  (Huds.)  u.  comi).  (A.  poly- 
iiiorpha  var.  palustris  Huds.  Fl.  Ang.  32,  1798;  A.  alba  Lin.  Sp. 
PI.  63,  1753).  Plants  low,  panicles  short  and  pale  (not  violet). 
Keweenaw  Co.,  July  5,  1895,  No.  856>^  ;  Ypsilanti,  June  30,  1892, 
No.  560a  and  No.  1,251^;  Detroit,  July  23,  1902,  No.  1780; 
Parkedale,  July  23,  1912,  No.  2853;  Belle  Isle.  Aug.  29,  1903,  No. 
1811. 

A.  STOLONIFERA  var.  PALu'STRis  fomia  DECUMBENS  (Gaud.)  n. 
comb.  (A.  dijfiisa  Host.  Gram.  Austr.  IV.  t.  55.  1809  ;  A.  alba  var. 
dccuuihcus  Gaud.  Fl.  Hel.  1.  188,  1828).  Panicle  violet  colored. 
Keweenaw  Co..  Aug.  26,  1887,  No.  560;  Algonac.  July  7,  1812, 
No.  282!».  A.  stolonifcra  var.  minor  (Vasey)  Farwell  belongs 
here.  The  plant  was  determined  by  Dr.  Vasey  as  his  A.  alba 
var.  minor.  It  is  low  with  a  very  narrowly  oblong  panicle.  Kewee- 
naw Co..  Aug.  29,  1887,  No.  571. 

A.  STOLONIFERA  var.  MAJOR  (Gaud.)  n.  comb.  {A.  alba  var. 
major  Gaud.  Fl.  Helv.  1.  189,  1828;  A.  gigantca  Gaud.  Agrost.  I, 
81.  1811.)  A  tall  form  with  elongated  panicles  and  broader 
leaves.     Belle  Isle.  July  2,  1901.  No.  1719. 

A.  stolonifcra  var.  coarctata  (Ehrh.)  Pers.  (A.  stolonifcra 
var.  maritima  (Lam.)  Koch;  A.  alba  \i\v.  coarctata  (Ehrh.)  Blytt.) 
Plant  gray-green,  stems  prostrate  and  rooting  at  the  joints,  flower- 
ing branches  erect,  tufted  or  ces])itose,  panicle  pale,  contracted. 
Detroit.  June  27.  1893.  No.  560  b;  Belle  Isle,  July  22.  1893.  No. 
560  c:  Algonac,  July  7.  1912.  No.  2828.  In  the  last  edition  of 
Gray's  Manual  the  varietal  name  "maritima"  is  used  for  this 
plant,  but  the  use  of  "coarctata"  as  a  varietal  name  dates  from 
Persoon,  1805,  and  antedates  that  of  the  other  by  31  years. 
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A.  stolonifcra  var.  stolonifcra  (Sm.j  Koch.  {A.  stolotiifcra 
var.  prorcpcns  Koch;  A.  alba  var.  prorcpcns  Asch. ;  A.  alba  var. 
stolonifcra  G.  F.  W.  Mey. )  Similar  to  the  last  preceding  but 
plant  grass-green,  more  widely  creeping  and  less  tufted,  flowering 
branches  reclining  or  weakly  ascending,  not  erect.  Rochester, 
July  4.  1901,  No.  r)()0  d;  Parkedale,  July  I.  r.MS.  No.  r)032.  The 
var.  coarciata  generally  grows  in  rather  dry  places,  while  the  var. 
stolonifcra  is  usually  found  on  wet  grounds. 

The  above  interpretation  should  replace  A.  alba  and  its  var. 
stolonifcra  and  A.  coarctata  of  the  Michigan  Flora. 

Calatiiagroslis  con  finis  of  the  Michigan  Mora  becomes  C.  in- 
c.vf'a)isa  A.  Gr. 

C".  Jiypcrborca  Lange  should  be  looked  for  along  the  south 
shore  of  Lake  Superior,  as  it  is  known  to  occur  in  Minnesota  and 
Northern  Vermont. 

C.  Pickcringii  var.  lacustris  (Kearney)  Hitch,  ranges  along 
the  Great  Lakes  and  probably  occurs  in  Michigan. 

Holcus  Authors  not  L.  becomes  Ginania  Bub.  G.  Uuiatns  (L.) 
Hubb.  Velvet  Grass.     Detroit.  August,  1908.  No.  20^2. 

Eatonia  Authors  not  Raf.  becomes  Reboulea  Kunth.  R.  ob- 
tusata  var.  lobata  (Lin.)  O.  A.  F.  doubtless  occurs  in  Michigan 
as  according  to  (Cray's  Manual  it  is  the  commonest  form  of  the 
species  in  the  north. 

Tricsctum  subspicatuni  becomes  T.  spicatiiin  ( L. )  Richter. 
Plants  answering  to  the  European  type  were  collected  at  Lake 
Linden,  Keweenaw  Peninsula,  in  August,  1904,  No.  1<S25J.<.  A 
very  rare  species  here,  the  common  form  being  the  var.  iiiolle 
(Mx.)  Piper^  ;  frequent  along  the  rocky  shores  of  the  Peninsula, 
No.  658,  August  16,  1888. 

Avena  saliva  L.  An  escai)e  from  cultivation  is  to  be  found 
throughout  the  State,  as  are  all  the  cultivated  grains.  They  are 
all  found  with  sufficient  frequency  to  be  listed  as  adventitious. 
Keweenaw  county,  August  l").  1888,  No.  528;  Ypsilanti.  June  30, 
1892,  No.  528a;  Belle  Lsle,  August  26.  1892,  No.  528b. 

Spartina  cynosuroidcs  of  the  Michigan  Flora  becomes  S.  Mich- 
auxiana  Hitchc.  The  common  form  of  this  species  in  Michigan 
is  a  plant  with  a  panicle  about  a  foot  long,  with  numerous  short 


'.■\  larger  form  of  the  species  with  glabrous  stems  and  leaves,  but  with  the  lowest 
sheaths  rough,  with  short  reflexed  pubescens,  is  the  var.  majus  (Vasey)  n.  comb. 
(Trisetum  majus  (Vasey)   Rydb.)      Sunset  Peak,  Colorado,  August  30,  1911,  No.  2455^. 
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spikes,  three  inches  or  less  in  lent^th  on  short  peduncles  Yi-Yj,  of 
an  inch  long,  lemmas  2  toothed.  Kiver  Rouge.  Septemher  15, 
1918.  No.  5i;U.  and  Septemher  30.  l!)).').  No.  111!);  Belle  Isle. 
Octoher  10.  189-1.  No.  148:;  Rochester.  September  27.  1917.  No. 
4:(>.")3.  A  long-spiked  form  may  he  known  as  Spart'ma  Michaux- 
iana  Hitchc.  var.  Suttiet  n.  var.  An  extreme  form  with  panicle 
over  a  foot  and  a  half  in  length,  with  fewer,  longer  spikes  5-7 
inches  long  on  ])eduncles  1^-2  inches.  Island  Lake.  July  16, 
1905,  No.  148:a.  Also  Dr.  George  Suttie.  Orchard  Lake.  July  29, 
1892.  and  A\'atcrford.  August  27.  1893.  A  slender  form  may  be 
known  as  Spartina  Michau.viana  Hitchc.  var.  tenuior  n.  var. 
yiove  slender  than  the  species.  3-4  feet  high,  panicle  1-1^  feet  or 
more  long,  spikes  1-3  inches  in  length,  scattered,  alternate,  only 
>lightly  exceeding  the  internode.  the  u])permost  usuallv  shorter 
than  the  internode.  the  terminal  often  elongated  (1-5  inches), 
sessile  or  on  short  (not  exceeding  Y  of  an  inch)  peduncles;  1st 
glume,  with  an  awn  ecjual  to  its  own  length  or  shorter,  Ys-Y^  the 
length  of  the  floret ;  palet  about.  ^  line  longer  than  its  lemma  and 
about  equal  to  the  second  glume,  which  has  an  awn  ec|ual  to  its 
own  length  or  shorter.  Spikelet.  exclusive  of  awn.  about  4  lines 
long.  In  dry  sandy  fields  at  River  Rouge,  September  15.  1918. 
No.  5138.  A])|)arently  a  transition  towards  ^.  altcniiflora,  which 
it  strongly  resembles,  but  the  first  and  second  glumes  are  promi- 
nently awned.  and  the  keel  of  the  lemma  ends  abruptly  at  the  sinus 
of  the  two-toothed  apex,  which  characters  will  place  it  here.  The 
keels  and  awns  are  sparsely  hispid,  otherwise  the  floret  is  glabrous. 

Atheropogon  Muhl.  is  scarcely  distinct  generically  from  Bou- 
ielr)ua  Lag.  The  species  is  Boutcloua  curtipciidula  (Mx.)  Torr. 
Dry  hillsides  near  Rochester,  July  30.   1!)14.  No.  3S07. 

Phragmites  Trin.  is  equivalent  to  Arundo  L.  The  generic 
description  of  Linnaeus  in  the  5th  ed.  of  the  Genera,  page  35, 
1754,  is  of  this  genus.  The  species  is  Arundo  Phraf/iiiitcs,  L.  Ke- 
weenaw county.  August  8,  1888,  No.  (541.  Parkedale,  August  4, 
1912,  No.  3013.  St.  Clair  Flats,  September  27.  li)0!).  No.  641a. 
Trichoon  Roth,  1798.  is  also  a  synonym  and  has  14  years  priority' 
over  Phragmites  Trin.  1812,  and  is  the  proper  name  to  be  taken 
up  for  the  genus  by  those  who  think  Arundo  L.  equivalent  to 
Donax  Beauv.  The  name  would  be  Trichoon  Plirofpnitcs  (L.) 
Schinz  &  Thell. 
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Trisciisf^is  scslcrioiiidcs  l)ec()nies  7".  //(/:'(/   (  L.  )    1  luhbard. 

Brica  media  L.  Grosse  Pointe.  July  '^l.  IDOG.  Xo.  1!)80. 

Brica  minor  L.  Grosse  Pointe,  July  -.^1,   1!)06,  No.  1987. 

Poa  flava  (L.)  of  the  Michigan  Mora  is  now  known  as  P. 
palustris  L. 

Panicularia  Americana  becomes  P.  yrandis   (S.  Wats.)   Nash. 

P.  fluitans  (L.)  O.  K.  is  an  European  species,  the  typical  form 
of  which  is  found  in  only  a  few  places  in  North  .\inerica.  lu'inks 
of  Detroit  River,  October  2,  1900,  No.  1()97. 

P.  FLUITANS  var.  SEPTENTRiONALis  (Hichk.)  n.  conil).  (P. 
scptentrionalis  Hitchk.  Rhodora  VIII,  211,  1906.)  Has  shorter 
florets  and  spikelets  than  the  species.  Detroit,  July  T,  190T,  No. 
20;5;5;  Rochester,  August  15,  1909,  No.  2033a;  Parkedale,  August 
1,  1912.  No.  3041  ;  Port  Huron.  June  23,  No.  4961. 

P.    FLUITANS    var.    SEl'TENTRIONALIS    f.    GLAUCA,    H.    f.       Whole 

plant  densely  glaucous,  Rockwood,  June  16,  1918,  No.  4893. 

P.  fluitans  var.  angitstata  I'ascy.  {P.  borcalis  Nash.)  Spike- 
lets  and  florets  still  shorter,  esi)ecially  the  former.  Detroit,  June 
17,  1911,  No.  2215>4;  Parkedale.  July  19,  1914.  No.  3727,  and 
July  4,  1918,  No.  3030;  Bloomheid.  June  2!».  I!)18.  No.  4999 
(Farwell  &  Billington).  These  various  forms  show  a  perfect 
graduation  from  one  extreme  to  the  other  and  should  therefore 
be  treated  as  one  species,  ratlier  than  as  two  or  more  distinct 
species. 

Puccinellia  Pari,  becomes  Atropis  Trin.  The  latter  name  has 
three  years  priority  over  Puccinellia,  and  is  the  name  in  general  use 
by  European  botanists  for  this  group  of  species.  Our  species  be- 
comes A.  airoidcs  (Nutt.)  Holm. 

Festuca  ovina  L.  var.  duriiiscula  ( L. )  Koch.  f.  lullosa 
(Schrad.)  As.  &  (ir.  A  form  in  which  the  lemmas  are  pubescent. 
Rochester,  July  1.  1901.  No.  1722;  .Mgonac.  May  24.  1914, 
No.  3641. 

F.  rubra  JictcropJiylla  Hack,  is  now  generally  known  as  F. 
occidcntalis  Hook. 

Bromns  aspcra  Murr.    Stevens.  July  14,  1918,  No.  5087. 

Bromns  brizacformis  Fisch.  &  ]\Iey.  Detroit,  June  30,  1907, 
No.  2027. 

Bromns  hordcaccus  var.  Icptostachys  (Pers.)  Beck.  Parke- 
dale.  .August  4,   1912,   No.   3033a. 
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Broinus  Jopinilcus  'I'hunl).  ^'])silanti,  June  27),  1!>1().  No. 
21583/s. 

Bromus  purc/cDis  L.  This  species  is  now  generally  considered 
to  be  distinct  from  B.  ciliafits  L.  Keweenaw  county.  August  26, 
188T.  No.  oli;];  Rochester.  July  4.  18!)6,  No.  56;ia ;  Detroit,  August 
18.  190;.  No.  MVAh:  Parkedalc.  July  14.  1912,  No.  28r,(i. 

Bromus  {^Hryaiis  var.  latlf/luiiiis  Shear  {B.  altissimus  Pursh ) . 
Detroit.  June  30,  IDOT.  No.  2026;  Franklin.  September  2:5.  1!)18, 
No.  r)161. 

Boniius  purcjans  var.  iiicanus  Shear  [B.  incauns  (.Shear) 
A.  S.  H.)  Detroit.  June  :M),  !!»();.  No.  2029;  Rochester,  October 
10,  1918,  No.  5194. 

Bromus  raccmosus  var.  commutatus  (Schrad.)  Hook.  f.  (B. 
commutaius  Schrad.)  Ypsilanti,  June  21,  18!»2,  No.  1246;  Belle 
Isle,  July  21,  1892,  No.  1246a;  Parkedale,  July  14,  1912,  No. 
28411^. 

Bromus  squarrosus  L.  var.  vUlosus  (Gmel.)  Koch.  Belle 
Isle,  September   20,   1896,   No.   1558. 

Lolium  L.  In  addition  to  the  species  listed  in  the  Michigan 
Flora  we  have  the  following : 

Lolium  pcrcnnc  var.  tcnuc  L.   Detroit,  July  22,  1911,  No.  2219. 

Lolium  ulultifloruiii  "Lam.     Detroit,  August  8,  1970,  No.  2181. 

Lolium  festucaccum  Link.     Detroit,  June  15,  1910,  No.  2157. 

The  genus  Agropyron  is  widely  distributed  in  Michigan  and  is 
represented  by  many  species  and  varieties.  The  revised  list 
follows : 

A.  caniuum  (  L. )  R.  &  S.  (A.  caiiinoides  (Ramalay)  Beal.) 
Keweenaw  county.  June  27,  1895,  No.  533b;  Marquette.  July  6, 
1895,  No.  533e:  Detroit.,  September  8,  1897,  No.  533f ;  Island 
Lake,  July  16,  1905,  No.  533g ;  Parkedale,  July  4,  1918,  No.  5029. 
A  plant  with  long,  slender,  cylindrical  spikes,  spikelets  appressed 
and  florets  long  awned. 

A.  caninum  var.  pubescens  Scrib  &  Sm.  Keweenaw  county, 
August  15,  1887,  No.  533,  and  June  27,  1895,  No.  533d;  Roches- 
ter. July  24.  1910,  No.  533h. 

A.  ca)iinuiii  var.  unilatcrale  (Cassidy)  Vasey.  (A.  Richard- 
soni  (Trin.)  Schrad.)  A  form  with  larger  spikes,  awns  purplish 
and  spikelets  secund,  or  one-sided  on  the  spike.  Keweenaw  county, 
June  27,  1895,  No.  53.3a. 


593 

Ayropyroii  diifrfjois  Xees  (Aiiropyron  spictatum  (I'ur-^h) 
Rydl).  Fl.  Mont.  r.  I,  1 !»()(),  not  Scrilni.  cS:  Sm.  1S!i:  ).  Keween.iw 
county.  July   4.   KS!)5.  No.  8511). 

Agropyron  divcrgcus  var.  incnuc  Scrihn.  iS:  Sni.  Keweenaw 
county,  July    I.   1895,  No.  851c. 

./.  hifloruui  (Bri<^n.)  R.  &  S.  (.\.  violaccnni  (  Hornem.) 
Lan^e).     Keweenaw  county,  June  2T.  18!)5,  No.  5;};5c. 

A.  tcHcndii  Voscy.  Keweenaw  county,  Aui^ust  15,  18ST,  No. 
582a  and  July  8.  1890,  No.  TliO. 

A.  TiiNERUM  var.  Nov^ae-Angliae  ( Scrilm.  &  Sm. )  n.  comb. 
(A.  repens  var.  Novae- Angliac  Scribn.  &  Sm.  V .  S.  l>ul.  A5.(rost 
IV, — ,  189T  ;  A.  psendorcpcns  Scrihn.  v'r  Sin.  1.  c,  34;  A.  Novac- 
Angliac  Scribn.  in  Fl.  Vt., — .  1900).  Keweenaw  county,  July 
3,  1895,  No.  851a:  Marquette.  July  0.   1S95.  No.  851(1. 

Agropyron  rcpcns  (Lin.)  P)eau\'.  Tbis  species  is  common 
throughout  ^^licbigan  in  manv  forms.  Keweenaw  county,  Au- 
gu.st  15,  188:,  No.  532;  Ypsilanti,  June  21,  1892,  No.  5321);  Belle 
Isle,  July  23.  18i)2,  No.  532c;  Marciuette,  July  (1.  1S95,  No.  532d ; 
Parkedale.  July  28,  li»12,  No.  2923,  August  4,  1912,  No.  29(54. 

Agropyron  rcpcns  f.  gcniculatuni,  Farwell.  Detroit,  June  24, 
1899,  No.  1()34. 

Agropyron  rcpcns  f.  stolonifcrnni.  Farwell.  Detroit,  June  24, 
1899.   No.  1035. 

Agropyron  rcpcns  var.  agrcsfc.  Anders.  Detroit,  Jime  2  1. 
1899,  No.  1632. 

Agropyron  rcpcns  var.  ncinoralc,  .\nders.  Keweenaw  county, 
July  18,  1890,  No.  T59  ;  Detroit,  June  24,  1899,  No.  T59a;  Lake 
Linden,  August  24,  1912,  No.  3078;  Rochester,  June  23,  1912, 
No.  2927,  and  June  15,  1913,  No.  3492>4;  Orion,  July  7,  1918, 
No.  5049. 

Agropyron  rcpcns  var.  pilosuni  Scribn.  Detroit,  June  24.  1899, 
No.  1(533;  Belle  Isle,  July  20,  1899,  No.  lG33a;  Parkedale,  July 
28,  1912.  No.  2950,  and  July  4,  1918,  No.  5024. 

Agropyron  rcpcns  var.  lit  tor  cum  Anders.  Keweenaw  county, 
September  10,  1887,  No.  595. 

Agropyron  dasystachynin  (Hook.)  \'asey.  Keweenaw  Penin- 
sula, August  18,  i890.  No.  7  94. 

Agropyron  dasystacliyuni  var.  subi'illosuui  Scribn.  &  .Sm.  Ke- 
weenaw county,  June  27,  1895,  No.  7  94a. 
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Aijrof'won  sf'icatitni  Scribn.  <^-  Sni.  (,/.  Smitliii  Rydb.  Fl. 
Mont.,  (j-t,  1!)00 ;  A.  occidcntalc  Scribn.  T.  S.  Agrost.  Circ. 
XXV'II  9,  1900;  A.  rcf^ois  var.  glaucuin  Scribn.  Mem.  Tor.  Club. 
V.  57,  1895).  The  tact  that  Scribner  &  Smith  misidentihed  the  Fcs- 
tuca  sf'icafa  of  Pnr.sh  does  not  invahdate  the  above  l)inomial  for  the 
si)ecies  thev  descril)ed.  since  the  l)inomial  always  a])plies  to  the 
species  described.  Had  those  authors  based  their  new  combina- 
tion solely  on  synonymy  (  without  a  description )  the  name  would, 
perforce,  have  been  a  svnonym  of  Pursh's  species,  the  one  on 
which  it  would  have  been  based.  As  I  understand  this  species,  it  is 
characterized  by  its  glaucous,  bluish-green  ap])earance.  which 
makes  it  stand  out  boldly  and  conspicuously  from  all  surrounding 
herbage.  Rochester,  June  2:5.  1912.  No.  2828;  Detroit.  June  17, 
T.m.  No.  22Ub. 

Agropvrox  spicatum  var.  viRini:,  n.  var.  Larger  and  coarser 
than  the  s]:)ecies  with  a  longer  spike  and  larger  spikelets,  whole 
plant  pale  green,  not  at  all  bluish  nor  glaucous.  Detroit.  Mich., 
June  24.  189!),  No.  8516;  Keweenaw  c;)unty.  July  3,  189."),  No.  851. 

Triticmit  acstiz'um  L..  the  Bearded  Wheat,  is  adventive  in 
southern  Michigan.  Detroit.  June  H,  1895.  No.  S42a  ;  Keweenaw 
county,  August,  18i)4,  No.  842. 

Triticum  aesttvum  var.  muticum  (Alef.)  n.  comb.  (Triti- 
cuDi  z'ulgarc  var.  muticum  Alef.  Landw.  Fl.  328,  1866).  The 
Beardless  Wheat  is  adventive  in  southern  Michigan.  Detroit,  June 
13,  1895,  No.  841a;  Keweenaw  county,  August,  1894,  No.  841. 

Triticum  aestivum  var.  LEUCOSPERMu^[  (Korn.)  n.  comb. 
(T.  vulgarc.  var.  Icucospermum  Korn.  System.  Ubers,  10,  1873). 
Spikes  densely  velvety ;  the  lemmas  are  awnless  or  short  awned 
and  velvety  pubescent.  Roadsides,  near  Rochester.  June  30.  1912, 
No.  2799. 

Hordcuiii  -c'ulfjare  L.  Keweenaw  county,  August,  1894.  No. 
843;  Detroit.  July  8.  1905,  No.  843a;  Houghton,  August  28,  1912, 
No.  3098;  Parkedale,  August  13,  1909,  No.  843b. 

Hordcum-  vulgarc  var.  distichon  (L.)  Alef.  Parkedale,  August 
13.  1909,  No.  2100a. 

Hordcum  vulgarc  var.  hcxastichon  (L.)  Alef.  Parkedale, 
August  13,  1909,  No.  21001). 

Secale  Cerealc  L.  Sandy  hillsides  at  Houghton,  .\ugust  28, 
1912.  No.  3099. 
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Secalc  Cercalc  var.  vuhjarc  Korn.  Belle  Isle,  June  20.  18!J3, 
No.  13T3. 

Secalc  Ccrcalc  \nv.  tjiiilticaiilc.  Korn.  Rochester,  fune  S.  HM)!), 
No.  13:3a. 

ElyiUHS  Canadensis  L.  (I:.  Ca)W(ir)isis  var.  (jlaucif  alius 
(Willd.)  Torr. )  Rather  scarce.  This  t^laucons  j)lant  is  the  Lin- 
naean  species.  Detroit.  Septeniher  IT.  lS!)(i,  Xo.  l.').')*;;  Rochester, 
Septemher  (i.  1!)09,  No.  15r)(;a. 

filyiiius  Canadensis  L.  var.  Phil.vdkli'IMCUs  (L.?)  n.  var. 
(E.  Philadelphicus  L.  Cent.  1.  No.  14,  IT.").")?  /{.  Canadensis 
Amer.  authors  not  Lin.)  The  screen,  non-glaucous  plant.  Mar- 
quette, August  30,  18!)8,  No.  l(il!»>^;  Rochester,  Septem])er  (5, 
1909,  No.  l(519h;  Monroe  Piers,  August  10,  1909,  No.  31841%. 

Elv.mu.s  C.\x.\dexsis  var.  hk.\ciiv.st.achvs  ( Scrib.  &  Ball.)  n. 
comb.  (  /:.  braeliysfachys  Scribn.  cSc  Ball.  U.  S.  Agrost.  Bull, 
XX1\',  47.  fig.  21,  1901).  Very  common  throughout  southern 
^Michigan.  Belle  Isle.  August  11,  1893,  No.  1409;  Orion.  August 
29.  189o,  No.  1409a;  Island  Lake,  July  l»i,  190.5,  No.  1929^4  ; 
Rochester,  Augu.st  15,  1909,  No.  2109>^. 

Elvml-^  C.\n.\densis  var.  robustus  (Scribn.  &  Sm. )  n.  comb. 
{E.  robustus  Scribn.  &  S.  M.  U.  S.  Agrost.  Bull,  IV, 
3T,  1897).  Has  been  reported  from  various  places.  The 
type  of  the  species  according  to  the  Linnaean  description 
and  explanatory  remarks  can  be  no  other  than  W'illdenow's 
E.  glaucifolius.  The  non-glaucous  plant  that  has  been  passing  as 
E.  Canadensis  L..  may  be  E.  Phildclphicus  L.  {  ?)  and  may  be  con- 
sidered as  a  good  variety  of  the  former.  E..  robustus  differs  from 
the  var.  Philadelphicus  only  in  a  denser  spike,  less  alternate  at 
base,  which  is  scarcely  a  specific  character.  E..  brachystachys 
differs  in  having  the  glumes  and  lemmas  hispidulous  or  glabrate, 
characters  that  are  only  of  varietal  rank. 

Elynius  stri<itus  Willd.  var.  2'illosus  (Muhl.)  A.  Gr.  This 
variety  should  be  maintained  as  valid  for  the  same  reason  that 
var.  brachysfachys  is  maintained.  In  the  species  the  spikelets  are 
hispid  and  in  the  variety  they  are  hirsute.  On  this  slender  char- 
acter E.  brachysfachys  (Scribn.  &  Ball)  is  maintained  as  a  valid 
species  by  some,  but  in  the  case  of  E.  z'illosus  Muhl,  an  exactly 
parallel  case,  the  name  is  reduced  to  the  limlx)  of  synonymy.  The 
species  is  reported  as  occurring  throughout  Michigan.     The  only 


596 

tnnu  I  liavc  seen  is  the  varietv.     Helle  Isle.  October  l!i,   IS!)  I,  No. 
14!M). 

Asperella  llunil).  has  three  vears  priority  over  ]lystrix 
Moench.  :  the  species  is  Asperella  llyslri.v  (L.)  Hunib.  Ypsilanti, 
July  •^•^.  18!)1.  No.  1171:  Relle  Tsle.  July  21,  1892.  No.  n74a. 

CYPERACEAE. 

Cyprriis  iiiflc.viis  Muhl.  should  be  (  .  aristatus  Roltb. 

Cypcnis  csciilciitus  var.  Icpfosfacliyus  Boeckl.  is  characterized 
by  its  much  elonijated  spikelets  (J4-1/^  i"-)-  Near  Birmingham, 
October   i:;.  T.)18.  No.  5214. 

Cypcrus  filiculiiius  Vahl  is  common  on  dry  sterile  grounds. 
Parkedale.  .\ugust  23,  1914.  No.  3845.  The  var.  viacilcntus  Fer- 
nald  is  found  in  same  situations,  but  is  much  less  common.  Near 
"^'psilanti.  July  31,  1891.  No.  1189;  Detroit,  July  19,  1894,  No. 
Il8!ia;  Rochester.  July  4,  1896,  No.  1189b,  and  September  28. 
1911,  No.  2956;  Marl  Lake.  August  15,  1917.  No.  4546. 

4  richo])hyllum  Ehrh.  has  21  years  priority  over  Eleocharis  R. 
Br.  Presunia1)ly  the  reason  Ehrhart's  name  has  been  neglected 
may  be  foinid  in  the  generally  conceded  preponderating  weight  of 
the  influence  inse])arable  from  the  authority  that  goes  with  the 
name  of  Robert  Brown,  aided,  no  doubt,  by  the  ex-post  facto 
laws  passed  by  botanical  congresses,  the  members  of  which  have 
had  no  inclination  to  learn  the  many  new  names  for  old  species 
that  it  would  be  necessary  to  adopt  in  case  the  changes  were  made, 
always  a  sign  of  retrogression,  rather  than  of  progression.  The 
names  of  Michigan  species  not  already  transferred  follow : 

T.  iNTERSTiNCTUM  (Vahl.)  n.  comb.  (Scirpus  liitcrsfiiictns 
\'ahl.  Enum.  II,  251,  1806). 

T.  MUTATUM  ( L. )  n.  comb.  (Scirpus  inufatiis  L.  Amoen. 
Acad.  V.  391,  17  60). 

T.  RoBBiNSii  (Cakes)  n.  comb.  (lilcocJiaris  Rohbinsii  Oakes, 
Hovey's  Mag.  VII,  178,  1811  ). 

T.  OLIVACEUM  (Terr.)  n.  comb.  { JUcocJtaris  olivacca  4"orr. 
Ann.  Lye.  N.  Y.  Ill  300,  1836). 

T.  ovATUM  (Roth)  n.  comb.  (Scirpus  ovatus  Roth.  Catal. 
Bot.  I  5,  1797).  On  the  Keweenaw  Peninsula,  but  scarce.  Aii- 
gust  22,  1887,  No.  547. 

T.   ORTUSUM     (W'illd.)     n.    comb.      (Scirpus    obtusus   W'illd. 
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I'.nuiii.  ]i'>.  1S()!I).  \'er\"  coninion  throui^'hout.  Keweenaw  county, 
August  22,  188:.  Xo.  :)i;a:  Uelle  Isle.  August  G,  1882.  No.  r,  nb  ; 
Royal  Oak  (Zoo  Park).  July  i:}.  IDKi,  No.   i:520. 

T.  i'ALi"STKE  var.  c.r.Ai-CKSCK.N'S  (Willd.)  n.  comh.  {Scirpus 
(jlaiiccscrus  Willd.  Ktniiii.  Iii,  ISO!)).  Keweenaw  county,  July  2"). 
18!)().  No.  ::-2:  ^'psilanti.  June  21.  IS!)2.  No.  ::2a  ;  Detroit,  July 
10.  18!I2.  Xo.  ::2h.  and  July  :.  IS!);!.  Xo.  7 :2c;  Taconia.  July  2, 
IDK),  No.  4270.     A  slender,  tiliforni  condition  of  the  species. 

T.  PALUSTRE  var.  calxum  (Torr. )  n.  comb.  {lllcocJiaris  calva 
Torr.  Fl.  N.  Y.  II.  ;M:G.  184:3).  A  low  slender  form  without 
bristles.    Grosse  Pointe  and  Belle  Isle.  July  21.  lltOC.  No.  11»88. 

T.  PALUSTRE  var.  vigexs  (Bailey)  n.  comb.  {Elcoclmris 
palnstris  \ar.  I'igcus  Bailey,  Journ.  X.  ^'.  Micros.  See.  V  104, 
188!)).  A  very  .stout  and  rigid  form  of  the  species.  Keweenaw 
county.  July  25,   1890,  Xo.   ::;5. 

T.  Engelmanni  (Stued.  )  n.  com)).  (  lilcocliaris  Jiiu/clntcuuii 
Stued.  .^yn.  PI.  C'yp.  :!>.  IS.-).")).  Detroit.  October  2.  P.IOO,  No. 
1696. 

T.  ACiCTLARE  (  L. )  n.  coml).  (Scirf'Hs  acicnlaris  L.  Sp.  PI. 
48,  1T5;3).  Keweenaw  county.  September  6,  1888.  No.  676;  Belle 
Isle,  August  6,  1892.  No.  6T6a;  Orion.  August  29.  IS!).").  No.  6;6b; 
Ypsilanti.  July  31.  1891.  No.  6r6c;  Lake  Linden,  .\ugust  24,  1812, 
No.  3081 ;  Tacoma,  July  2.  li)16.  Xo.  4268. 

T.  TENUIS  (Willd.)  n.  comb.  (Scirpus  tenuis  Willd.  Enum. 
76.  1809).     Keweenaw  county.  August  18.  1890.  Xo.  .■)48a. 

T.  ACUMix.\TUM  (Muhl.)  n.  comb.  (Scirpus  acuiiiiuatus 
Muhl.  (]ram.  27.  181T).  Keweenaw  coimty,  August  22,  1887, 
Xo.  :)1S. 

T.  INTERMEDIUM  (Muhl.)  n.  coml).  (Scirpus  i)itcniicdius 
Muhl.  Gram.  31,  1817). 

Iria  castanea  (Mx.)  n.  comb.  (Scirpus  castcnicus  Mx.  1-4. 
Bor.  Amer.  I,  31,  1803). 

Iria  Autumxalis  (L.)  O.  K.  var.  gemixata  (Lestib.  & 
Nees)  n.  comb.  (  Trichelostylis  cjcminata  Lestib.  &  Nees,  Fl.  Bras. 
II  pt.  1,  pp.  7!)  and  80,  1842).  Iria  Richard  has  a  year's  priority 
over  Fimbristylis  Vahl ;  Otto  Kunze  took  up  the  name,  l)ut  changed 
the  spelling  to  Iriha.  The  old  /'.  autumnalis  (L.)  K.  and  S.  has 
been  split  and  that  part  of  the  species  retaining  the  old  name  is  of 
southern  range.     That  ])art  of  the  species  extending  further  north 
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has  l)een  known  as  F.  (jcuiinata  (Lestil).  &  Nees)  Kunth  or  F. 
Frankii  Steiul.  The  cliaracters  used  tti  (Hstini,aiish  the  two  forms 
are  so  sli,u:ht  that  it  seems  better  to  retain  them  as  variations  of 
tlie  same  species.  The  Michigan  plant.  ])resumably.  is  of  the  va- 
rietetv  geminata.  as  its  range  is  too  far  nortli  for  it  to  he  Hkely 
that  it  should  belong  to  the  t\])ical  form  of  the  species.  I  haven't 
seen  it. 

Scirpns  locustris  L.  has  been  restricted  to  the  Old  World.  The 
.\merican  ])lant  is  mostly  the  X.  I'dlldus  \'ahl.  Keweenaw  county, 
SejUember  (i,  1888,  No.  GTT;  Ypsilanti,  June  2:5.  18!)1.  No.  G77a; 
Detroit.  August  0,  1892,  No.  6T:b.  and  Jitly  18,  1!)]2,  No.  2874; 
Parkedale,  August  4,  1!)12,  No.  2994;  Grosse  Isle,  August  20, 
liiK;,  Xo.  ViS:  ;  Tacoma.  Sei)tember  23,  1917,  No.  4624. 

.S".  occidciitalis  (Watson)  Chase.  Keweenaw  county,  August, 
1904,  No.  1834;  Parkedale,  July  28,  1912,  No.  2!»18;  Marl  Lake, 
August  13,  191(),  No.  4377. 

S.  occidoitalis  var.  congest  us  O.  A.  F.  ]\Iarl  Lake.  July  9, 
191(i.  No.  4294,  and  Augtist  13.   191(),  No.  437G. 

.V.  lictcrochactHS  Chase.  Another  segregate  of  the  old  .S".  la- 
ciistris  L..  which  is  said  to  occur  in  Michigan. 

6".  ofroi'ircns  Muhl  var.  pycnoccpJialns  Fernald.  Parkedale, 
-August  4,  1912,  No.  3021.  The  infloresence  in  this  has  been  re- 
duced to  a  glomerate  head. 

S.  rnbrotinctus  Fernald.  This  is  the  old  .S\  microcarpus  Presl. 
Keweenaw  county.  September  12,  1887,  No.  549a. 

S.  sylvaticus  L.  Keweenaw  county,  August.  1904,  No.  1824; 
Junior,  July  13,  1918,  No.  50:i). 

.S".  (jcorgiiDius  Harper.  Accredited  to  Michigan  in  Gray's 
Manual. 

.S".  Cxpcriiius  (  L. )  Kunth.  S.  li  neat  us  Mx.  and  allied  species 
should  be  removed  to  Eriophorum.  The  elongated  bristles  exclude 
them  from  Scirpus,  but  if  they  are  to  be  retained  in  that  genus, 
then  all  distinctions  between  it  and  Eriophorum  break  down  and 
both  should  be  united.  It  would  be  Ijj-tter  to  restore  the  old  genus 
Trichophorum  for  this  group  of  ])lants  than  to  retain  them  in 
Scirjnis. 

E.  lincatutii  (Mx.)  Bth.  &  Hk.  f.  Keweenaw  county.  August 
21,  1890,  No.  <99;  Ypsilanti.  June  2:5.  I.S91.  No.  799a;  Detroit, 
July  21,  1892,  No.  799b. 
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/:.  Cyf^crnmni  L.  Keweei.aw  county,  September  (5,  1888.  No. 
(uH;  Detroit,  Septeml)er  l.j.   18!»!t.   No.  G'iS'd. 

E.  Cyf^crinimi  var.  pclium  (Fernald)  O.  A.  V.  Keweenaw 
county.  August  8.  KSDO.  No.  T.')(il).  and  August  l").  1!M»1.  No.  1136; 
Detroit.  August  4,  ]8!)(i.  No.  ::)<;c;  Marl  Lake,  August  1:5,  lidf). 
No.  4358. 

E.  Cvi'KKirM  var.  1'i:lh-.m  /.  coxdi-:n.satum  (Fern.)  n.  comb. 
(Scirf)us  cyf'criHKS  var.  condoisatus  Fernald;  Cir;i\-  Manual.  1  !•."), 
1908).     Accredited  in  tbe  Manual  to  Michigan. 

E.  Cypi'ri)iui)i  var.  laxuiii  Wats.  &  Coult.  {Scirf>ns  F.riopho- 
rum  Mx.  Fl.  Hor.  .Am.  I,  ;?3.  18();{).  Detroit.  September  18,  1!)()2. 
No.  IT!)."). 

E.  Cypcrinuui  var.  f^rdlccllatuiii  (  b>rnal(l )  ( ).  .\.  V.  (li.  c\- 
pcrinutu  var.  laxuuu  Wats  &  Coult.  in  part).  Keweenaw  county, 
August,  l!i04,  No.  182G>/.. 

E.  Cyperinum  var.  pedici:li..atu.m  f.  grandk  n.  conil).  (Scir- 
pus  atrociiicfits  var.  grandis  Fernald,  and  S.  pcdiccllatus  var.  pullus 
l-'ernald.  Gray  Manual.  1!>.").  li>()8).  Keweenaw  county.  .August, 
1!)02,  No.  1T88. 

E.  Cyperinum  var.  atrocintuin  (Fernald)  O.  A.  F.  (E.  Cy- 
pcriiiuiii  var.  la.vujii  Wats.  &  Coult.  in  part).  Keweenaw  county, 
July  18,  1890,  No.  T5G. 

E.  Cyperinum  var.  atkocinatum  f.  brachvpodim  (  Fernald) 
n.  comb.  (S.  atrocinctus  var.  bnicliypodus  P^ernald.  Proc.  Am. 
Acad.  XXIV,  502.  1899).  Keweenaw  county.  .Augu.st  18,  1890, 
No.  T56a. 

Typical  E.  vagiiiafum  L.  is  now  restricted  to  the  .\rctic  regions. 
The  Michigan  material  is  referred  to  two  varieties.  E.  z'aginatmii 
\ar.  Intiiiilc.  Turcz.  ( /:.  callitrix  Cham.)  Keweenaw  countv. 
.\ugust  22.  1887.  No.  55.  and  E.  ivgiiiatum  var.  opacum  Bjornstr. 
Lakeville.  Farwell  and  Billington.  June  2,  1918.  No.  4907. 

E.  gracilc  Koch.  Keweenaw  county,  .\ugust  22,  1887, 
No.  551. 

E.  gracilc  var.  paucincrvium  Engelm.  Keweenaw  county.  .Au- 
gust, 1901,  No.  1T35.  Neither  form  of  the  species  is  common. 
The  variety  has  the  blade  of  the  uppermost  leaf  longer  than  its 
sheath,  while  in  the  species  it  is  shorter. 

E.  polystachion  L.  ( /f .  augusflfoliuiii  Koth).  Keweenaw 
county.   September   10.   1888,  No.   ()91. 
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/:.  polystaclilon  var.  iiiajus  (Schultz)  As.  &  Greh.  'Hiis  \.-i- 
rietv  is  accredited  to  Michi^j-an  in  (iray's  Manual. 

K.  roLVSTAcii  lox  var.  vikidi-i  aki  x.\rr.\!    (  ]<jiL;flin  )    n.  coinh 
I  /•'.   latifoliniii     \ar.     viridi-car'niatnin     I'Ji^clni.    Am.   Jonrn.    Sci 
.\IAI.  lO;?.  ISM).      Keweenaw  conntw  July   I'i,    IS'.IO,   Xo.  ";[;{; 
Parkedale.  June  'i,   I'.M-^,   No.   2(il  J. 

Phaeoce])hahnn  Ehrh.  (  1  riodon  Pers.  and  Ryncliospora 
\'ahl )  appears  to  he  the  o'  lest  name  for  the  sjenus.  The  Michigan 
species  are  the   following: 

P.  ALiu-.M  (  L.  )  n.  coml).  (Sclwruus  alhus  I..  S]).  PI.  II.  1  l.')."M. 
Keweenaw  county,  .\ugu>t  '22.  ISH"^.  No.  .").") 2  ;  Kochester,  .\ugust, 
1908.  No.  552a;  Marl  Lake.  August   P),   P.tPi,  No.  4374. 

P.  Ai.r.fM  var.  makci'.m  (Cdarkc)  n.  comh.  (Ryncliospora 
alba  var.  nuicra  Clarke  in  Pritt.  Trans.  N.  Y.  Acad.  Sci.  XI,  88, 
1892). 

P.  CAi'iLi-ACKi'M  ( Torr. )  n.  comh.  (R.  capillacca  Torry 
Comp.  41,  182()).  Orion,  August  2!).  18!)5,  No.  884;  Marl  Lake, 
August.  13,  1916,  No.  4366  ;  Parkedale,  July  14,  1912,  No.  2858. 

P.  CAPILLACEUM  var.  IcTisctiiui  ( E.  J.  Hill)  n.  comh.  (R. 
capillacca  var.  leinscta  E.  J.  Hill;  Gray's  Manual  201,  li)08). 
Orion,  August  2i).    18i»5,   No.  911. 

P.  GLOMERATUM  ( L. )  (SclwciiHs  (/loiiicrotus  L.  Sp.  PI.  14. 
1T53)  var.  minus  (  Britt. )  n.  comh.  (R.  (jlonicrata  var.  niiiior 
Britt.  Trans.  N.  Y.  Acad.  Sci.  XI  S!).  LS!)2).  The  variety  only 
is  found  in  Michigan.  Ypsilanti,  August  12,  1891,  No.  1199; 
Detroit,  July  2T.  1893.  No.  1199a;  Keweenaw  county,  .\ugust. 
1904,   No.    ll!)9h;    Parkedale.   July   28,    1912,  No.  29P.). 

P.  CYMOSU.M  (1^11.)  n.  coml).  ik'.  cyiiiosa  Ell.  Sketch.  1  58. 
LSlGj. 

P.  FUSCU.M  (  L.  )  n.  comh.  {Schocnus  fiiscus  L.  S]).  i'l.  KiOl. 
1763). 

Carcx  stcrilis  Willd.  (C.  scirpoidcs  Schk.)  There  are  two 
forms  of  this  species  found  here  in  Michigan.  One  is  found  in 
open  Ixjgs  and  swamjjs  and  along  the  Ix^rders  of  woods,  and  the 
other  in  dense  hoggy  woods  such  as  tamarack  swamj).  cedar 
swamps,  etc..  where  sphagnum  is  liahle  to  he  found.  The  former 
has  the  stiff,  wiry  hahit  of  C.  cck'niaia.  hut  the  leaves  are  nar- 
rower, 1  to  1 34  lines  wide  and  the  i)erigynia  are  hroader.  the  width 
heing  more  than   )/  the  length,  anrl  gradually  tapering  into-  the 


(iOl 

incoiispicudu^ly  hilid  heak,  the  edges  heiii^  sIi'diihK  rou.i^liened. 
about  134  lines  loni(  by  about  J4.  line  wide,  fmally  beconiin<(  yellow- 
ish or  brownish.  Often  dioecious.  I'his  form  probably  is  typical 
of  W'illdenow's  C.  stivilis.  '1  lie  latlcr  is  slender,  lax,  with  leaves 
only  y2  as  wide,  the  green  perigynia  abruptly  contracted  into  the 
beak,  the  edges  being  minutely  roughened  ;  it  is  essentially  the  ])lant 
described  by  Bailey  as  C.  interior.  It  seems  to  the  present  writer 
that  the  difference  outlined  is  mainly  that  which  might  be  sought 
in  a  shade  form  of  an  ordinarily  sunlight  ])lant,  and  therefore  this 
form  should  be  properly  treated  as  a  variation  rather  than  as  a  dis- 
tinct specie-.  It  may  be  known  as  C".  sfrrilis  W'illd.  f.  |-i.i:x  i]'.ii,is, 
n.  f.  Lakeville,  June  ^^,  I'-MS,  Xo.  iss;. 

Carc.v  vnlpinoidca  Mx.  var.  aiiibitiua  IJarratt.  .\  rare  form 
of  the  species  in  Michigan.  S])ikes  \ellowish  brown  and  forming 
a  strong  contrast  to  the  usually  green  or  brownish  spikes  of  the 
species.  Detroit,  June  IG,  1!)()().  No.  1(570;  Junior,  July  i:},  1!)18. 
Farwell  &  Billington,  No.  oOT-t. 

Carcx  stricta  Lam.  var.  stricfior  (Dew.)  A.  Gr.  {C.  sfricta 
var.  citrfissiiiia  Peck ) .  Does  not  form  dense  tussocks  as  does  the 
species.  Keweenaw  Point.  August  26,  1887,  No.  5(5.").  and  August, 
1!)04,  No.  18311^  ;  Yi)silanti.  July  29,  IDOC.  No.  oG.-ib  ;  Orion,  June 
1).   1!)18,  No.  4933. 

Carc.v  stricta  Lam.  var.  .vcrocarpa  (  S.  H.  Wright  )  liritton. 
In  moist  wT)ods  near  Rochester,  Alay  28,  1918,  No.  48T."),  and 
No.  4882c. 

Carc.v  aurca  Nutt  f.  coi.ok.vt.x  n.  f.  The  scales  pale  brown.  In 
tamarack  swamps  at  Lakeville,  June  2,  1918,  No.  4882g. 

Carc.v  liar  peri  Pcrfiald  (  ?).  These  plants  appear  to  be  inter- 
mediate between  this  species  and  C.  Icptalca  Wahlenb.  The  per- 
sistent scales  are  brownish  and  mucronate  instead  of  white  and 
acuminate,  but  the  perigynia  are  slender,  and  gradually  tapering 
at  the  base  and  the  achenes  are  puncticulate  and  sharply  trigonous 
as  in  C.  Harpcri.  Orion,  June  9,  1918,  No.  492!> ;  Parkedale,  July 
4,  1918,  No.  5034. 

Carcx  umhellata  Schkuhr.  var.  brcvirostris  Boot.  Banks  of 
the  Huron  River  at  Ypsilanti,  May  19,  No.  4831,  Billington  & 
Farwell. 

Carcx  Fcnnsylvanica  Lam.  var.  litcormn  (W'illd.)  h^ernald. 
Port  Huron,  June  23.  1918.  No.  4985;  Detroit,  June  11,  1903, 
No.  1800. 


60'J 

Carcx  f'auf'crcKla  yix.  \',xr.  inigua  (W'ahl.)  Fernald.  In  bogs. 
Keweenaw  county,  Sepleinl)er  ]'2.  1SS7.  No.  ()08.  and  Auj^ust  2(i, 
\'.n-2,  Xo.  30!K);  Orion.  July  : .  I!»1S.  No.  ^or)").  Farwell  &  l^.ill- 
ington. 

Corcx  f'aiipcTCula  'Six.  var.  f^allciis  l'\'rnal(l.  Keweenaw 
county.  July  5,  1895,  No.  854 >^  ;  Orion.  July  7,  1!>1S.  No.  r)()4()a. 
Farwell  &  I^illington. 

Carcx  laxiflora  Lam.  var.  Icpioncn'ia  Fernald.  This  is  ac- 
credited to  Michigan  in  Gray's  Manual.  Port  Huron,  Jiuie  23. 
1918.  No.  4977,  Farwell  &  Billington.     Rare.     In  rich  woods. 

Carcx  flora  L.  var.  rcctirostra  Gaudin  {C.  flava  var.  graiuiiiis 
Bailey).  Borders  of  Marl  Lake,  rare,  June  9.  1918,  No.  4923; 
Keweenaw  county,  August  24.  1888,  No.  (572;  Dead  Lake,  July 
16,  1910.  No.  672b. 

Carcx  lanugiiiosa  Mx.  var.  Kansaiia  Britt.  Plant  with  leaves 
y2  narrower  than  in  the  species,  spikes  longer,  narrower,  and  ta- 
pering at  base.  Roadsides  near  Rochester,  May  28.  1918,  No. 
4882f. 

Carcx  rctrorsa  Schwein  var.  Robinsonii  Fernald.  A  form  with 
slender  spikes.  Rare.  Ypsilanti.  July  23,  1891;  Dearborn.  July 
6.  1918,  No.  5029. 

Carcx  lupulina  Muhl  var.  polystachya  Schw.  &  Torr.  Common 
at  Junior  in  low  moist  grounds.  July  13,  1918,  No.  5064.  Bill- 
ington &  Farwell. 

Carcx  vcsicaria  L.  Roadside  ditches  near  Lakeville.  The  typi- 
cal species  not  before  reported  from  Michigan  insofar  as  T  am 
aware.    June  2,  1918,  No.  4883,  Farwell  &  Billington. 

LILIACEAE. 

Erxthroninm  Amcricanum  Ker.  var.  Bachii.  n.  var.  .\  form 
in  which  the  Unver  half  of  the  j^erianth  segments  and  stamens 
are  purplish  brown  or  magenta.  Near  Redford.  May  19,  1918. 
No.  4851.  Named  for  Mr.  Bach  of  Detroit,  who  found  it  in  con- 
siderable numbers. 

Trillium  rccurvatum  Beck.  Perhaps  the  rarest  Trillium  in 
Michigan.  Near  Rochester,  May  15,  1918,  No.  4822.  Has  been 
reported  from  Ypsilanti. 

Trilliu.m  cekxuum  var.  decmnatum  (A.  Gr.)  n.  comb.  (T. 
crcclum  L.  var.  declinatum  A.  Gr.     Manual,  523,  1868).     This 


plant  certainly  i^  closely  related  to  J  .  ccrnunui  L.  In  the  "eiipper 
region"  of  Michigan,  where  hoth  are  i)lentiful,  they  seem  to  inter- 
grade,  and  at  times  it  is  very  difficult  to  determine  to  which  form 
certain  individuals  should  he  referred.  It  seems  hetter  to  regard 
them  as  extremes  of  one  species,  rather  than  as  two.  Keweenaw 
county.  July  8,  188(5,  No.  411  ;  Ypsilanti,  May  19,  1918,  No.  4848. 

7".  ccrnuum  L.  var.  dcclinatum  A.  Gr.  f .  Walpolei  n.  f .  Petals 
and  often  the  filaments  and  stigmas  deep  purple.  Named  for  Mr. 
B.  A.  W'alpole  of  Ypsilanti.  one  of  the  discoverers.  N'psilanti. 
May   1!»,   1!)KS,  No.  484!). 

T.  ccrnnnm  L.  var.  dcclinatum  l\.  Gr.  f.  Billingtonii  n.  f. 
Flowers  brown  with  a  slight  tinge,  here  and  there,  of  a  ])urplish 
color.  Named  for  one  of  the  discoverers,  Mr.  Cecil  Billington. 
of  Detroit.     Ypsilanti.  May   l!i.   I!»1S,  No.  4850. 

TrilliHUi  grandifioruui  (Mx.)  Sali.sb.  f.  koseum  n.  f.  Flowers 
rose  colored.  Ypsilanti,  May  I'.t,  1918,  No.  484?;  Birmingham, 
May  18,  190'^,  No.  7(i7c.  T.  graitdiflonuii  is  common  throughout 
eastern  North  America.  I  have  seen  acres  of  it  and  prohaljly 
many  thou.-ands  of  individuals  without  a  rose-colored  flower  to 
change  the  monotony  of  the  jiure  white  of  the  open  woods  as  far 
as  the  eye  could  detect  them.  In  some  localities  rose-colored 
flowers  are  more  common  than  the  normal  white  flowered  form, 
but  such  ])laces  are  few  in  comparison.  In  these  localities,  the 
rose-colored  individuals  appear  as  though  they  had  been  rose- 
colored  from  the  beginning  and  do  not  lose  the  color  even  in  the 
withered  and  shrunken  petals.  The  near-by  white  flowered  forms 
when  faded  and  wrinkled  uj)  are  not  rose-colored  but  present  the 
dirty-white  or  dull  yellowish-white  color  characteristic  of  such 
conditions.  It  seems  probable  that  the  "rose"  and  the  "white"  in 
this  species  are  as  ])ermanent  as  the  "purple"  and  "wliite"  in 
7'.  crcctuni  L.  or  in  T.  ccrnuum  L. 

T.  grandifioruui  var.  obovatuui  f.  albiflorum  n.  f .  (  T .  (/raiuii- 
floruin  var.  obovatuui  ().  A.  F.  Mich.  Acad.  Sci.  Kept.  li)18, 
p.  ^yt  ;  T.  grandiflorum  var.  parvmn  Gates  Ann.  Mo.  Bo.  Gard. 
IV,  08,  191T,  as  of  the  white  flowered  forms).  Flowers  white. 
Farmington,  May  1!),  1!»K.  No.  4443.  The  remarks  above  con- 
cerning the  color  forms  of  the  sj)ecies  apply  equally  well  to  the 
color  forms  of  this  variety.  1  may  add  that  of  the  myriads  of 
individuals  observed,  I  have  never  seen  the  rose  color  beginnintr 
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to  (leveloii  in  a  white  petal  after  it  had  bej^un  to  fade.  On  the 
other  hand.  1  ha\e  never  examined  a  hnd  Ut  ascertain  if  the  petals 
at  that  staije  of  development  were  of  a  rose  color. 

CASTAXKACKAK. 

Oiicrcus  sfcllata  Wanq.  The  Post  Oak  reported  in  the  20th 
Annual  Report.  Mich.  Acad.  Sci..  p.  112,  as  (Jitrrciis  lyrafn  Walt, 
should  have  been  listed  as  Oncrcus  strllnta  Wan^'. 

ARISTOLOCHlAClvMv 

The  flcnvers  of  the  genus  Asarum  are  said  to  be  ;5-merous.  Mr. 
W'alpole.  of  ^'psilanti.  has  found  A.  Canadcnsc  L.  near  that  city 
to  be  4-merous  almost  as  frequently  as  it  is  .'5-merous. 

PERSICARIACEAE. 

Polygonum  aiitphibiu}ii  L.  (P.  aiiiphihiuiii  var.  aquaticiim 
Leyss.  Fl.  llal.  :5!)1.  ITGl;  P.  ampJiibiuni  var.  palustrc  Weig.  Fl. 
Pom.  25").  i;(i!i.  according  to  Ascherson  and  Graebner ;  P.  am- 
phihiuui  var.  naiaiis  Moench.  Enum.  PI.  Hass.  28,  1777).  A 
glabrous  aquatic  with  narrowly  oblong-lanceolate  acute  floating 
leaves,  usually  narrowed  but  occasionally  rounded  at  base.  Ke- 
weenaw county.  September  4,  1885,  No.  352. 

P.  aiuphibium  f.  ferrcstra  (Leyss.)  S.  F.  Blake.  (P.  amphib- 
ium  var.  tcrrcstrc  Leyss.  Fl.  Hal.  391,  1761  ;  P.  amphibiur.i  var. 
crcctuiii  Kittel.  Tauschenb.  303,  1853;  P.  aiiipliibiuin  var.  salicifo- 
lium  Schur.  luium.  PI.  Transs.  583,  lS()(i).  A  terrestrial,  decum- 
bent to  erect,  strigose  pubescent  variation.  Algonac,  September 
13,  1!)15.  Xo.  3895;  Detroit,  September  20.   1918,  No.  5151. 

P.  aiupliib:i(ui  var.  marginatum  n.  var.  Differs  from  the  typi- 
cal form  of  the  species  only  in  having  a  foliaceous  border  on  the 
stipular  sheaths.     Kew^eenaw  county,  Se])tember  4,  1885,  No.  351. 

P.    .\.\II'HIBIUM    var.    MARGINATUM    f.    IIARTWRIGHTII    n.    COmb. 

(P.  anipliibium  var.  Hartzvriglitii  (A.  Gr.)  P.issell,  Rhodora  IV 
105,  1902).  A  terrestrial,  decumbent  to  erect,  strigose  pubescent 
variation.  Belle  Isle,  August  2,  1892,  No.  351a;  Lakeville,  Sep- 
tember 2.  1901,  No.  351b;  Parkedale,  July  30,  1914,  No.  3813; 
Bloomfield,  June  29,  1918,  No.  5002. 

P.  aniphibium  var.  nutans  Mx.  (P.  coccincum  Muhl.  and  var. 
aquafiruiii  W'illd.    P.  aniphibium  var.  coccincum  (Aluhl.)  O.  A.  F. 
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Aquatic;  leaves  ovatelancculate,  usually  cordate;  ])laiu  lilahrou^. 
Belle  Isle,  September  3.  18!)2,  No.  352a. 

/'.  a))ipliihimii  var.  uatans  f.  emersum  (j\Ix.  )  n.  f.  (P.  aiii- 
pliibiuin  var.  ciiirrsuiii  Mx.  Fl.  Bor.  Amer.  I,  240.  ISO.'i;  P.  cocci- 
)H'uiii  var.  tcncstrr  W'illd.  Enuni.  I,  42!),  180!) ;  P.  auiphibium 
var.  tcrrcstrc  Torr.  I^M  X.  ^^  II.  149,  1843;  P.  ampliiluuiii  var. 
Muhlcnbergu  Meisn.  in  DC.  Prodr.  XIV,  116,  1856).  An  erect, 
terrestrial,  strigose  pubescent  form.  Belle  Isle,  October  li).  18!)3, 
No.  1452;  Grosse  Isle,  August  14.  1909,  No.  1452a.  It  bas  been 
said  that  the  terrestrial  forms  are  but  mere  phases  and  may  be 
found  on  the  same  rhizomes  which  ])roduce  the  aquatic  i:)lants. 
My  experience  shov\'s  that  the  terrestrial  forms  are  rather  common 
in  Michigan,  while  the  aquatics  are  infreciuent.  I  have  never  seen 
the  two  phases  associated  or  even  in  close  j)roximity  to  each  other. 

Polygonum  avicularc  L.  var.  i-cgctitiii  Ledeb.  .Vlong  roadsides 
in  the  Bloomfield  hills.  Prostrate.  Billington  &  Farwell,  June  29, 
1918,  No.  4989.  Also  in  Detroit,  where  the  plants  were  ascending 
or  erect. 

BLITACEAE. 

Clicnopodiitiii  alhuiii  L.  A  common  and  variable  weed  through- 
out the  State,  ^'jjsilanti.  June  IT,  1891.  No.  1152;  Detroit,  July 
16,  1892,  No.  1152a;  Keweenaw  county,  June  26.  18!)5,  Xo.  1 152b. 
The  following  varieties  are  also  distinguishable : 

C.  album  var.  opulifolium  (Schrad.)  G.  Meyer.  (  (".  I'iridc 
L).  Leaves  thinner,  less  toothed  and  acute  or  entire  and  obtuse. 
greener,  the  lower  as  broad  as  long.  Keweenaw  county.  August 
12,  1885.  No.  311  ;  Ypsilanti,  September  2.  1891.  Xo.  ;;i  Ic  ;  P.elle 
Isle.  July  21.  1892,  No.  Slid. 

C.  album  var.  integcrrimum  S.  F.  Gray  (C.  hmccolatuni 
Muhl).  Leaves  usually  narrowly  lanceolate  and  entire.  Detroit. 
September  9,  1895,  No.  311b. 

C.  album  var.  inridcsccns  St.  Am.  (  C.  paganum  Reichenb). 
Leaves  green  and  panicle  lax.  Oakwood.  September  15,  1918,  No. 
5135. 

Salsola  Kali  L.  var.  Caroliniana  (Walt.)  Nutt.  Leaves  short, 
plant  glabrous.      Rochester,    October   6,    1918,  No.  518T. 

S.  Kali  var.  tcnuifolia  Tauscli.  Leaves  long  and  filiform,  plant 
usually  rough.     Rochester.  October  (i.    1!)18.  No.  5188. 
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RANUNCULACEAE. 

Aiirniouc  cyli)idrica  A.  Gr.  f.  ai.p.ida  n.  t.  Sepals  petal-like 
white,  thin,  ohovate.  oval,  or  ovate.  I-S  lines  in  leni^^th.  Parkedale. 
July  4.  i;)18.  No.  5016. 

POMACEAE. 

C'ratac(/its  f^ndiiosa  (  W'endl. )  C".  Kocli.  Near  Redford.  May 
•24.    litis.   No.  48(33. 

(.".  Jcsupi  Sarg.     Franklin.  Sept.  22,  1!)18.  No.  5162. 

ROSACEAE. 

Rosa  Carolina  L.  (R.  huiiiilis  Alarsh. )  One  of  our  common 
wild  roses  and  immensely  variahle.  The  leaflets  vary  from  ohovate 
or  ohlanceolate  through  oval  to  elliptic  and  elliptic-lanceolate,  ob- 
tuse or  acute ;  it  is  no  imcommon  thing  to  see  all  forms  on  a  single 
individual ;  the  serratures  of  the  leaflets  are  more  or  less  glandular- 
tip])ed  in  all  the  forms  and  in  one  variety  they  are  somewhat 
glandular  ciliate;  the  petiole  and  rachis  vary  from  pubescent,  with 
or  w-ithout  glands  to  glabrous  or  glandular  ;  the  prickles  are  usually 
slender,  hut  in  one  variety  they  are  frequently  stouter  and  re- 
curved. All  forms  intergrade  one  into  another  and  are  best  treated 
as  a  single  species.  Dearborn,  July  (i,  1!)18,  No.  5031a;  Orion, 
July  :.  1!)1S.  No.  5044a;  Bloomfield,  September  8,  1918,  No.  5107. 

R.  Carolina  var.  glandulos.x  (Crepin)  n.  comb.  (R.  parvi- 
flora  var.  r/landulosa  Crepin,  Bull,  Soc.  Hot.  Belg.  XV,  68,  1876  ; 
R.  scrrulata  Raf.  Ann.  Gen.  Sci.  Phys.  V.  318,  1820.)  Rachis 
usually  glandular  and  some  of  the  leaflets  with  some  glandular 
ciliation.  Parkedale,  July  4,  1918,  No.  5039  ;  Orion.  July  7.  1918, 
No.  5046a;  P.loonifield,  September  8,  No.  5115. 

R.  Carolina  var.  grandiflora  (Baker)  n.  comb.  (R.  Iiuinili.s- 
var.  grandiflora  Baker;  Willm.  Gen.  Rosa  I.  201,  1!)11,  and  R. 
obovata  Raf.  according  to  Rydberg  in  N.  A.  Mora  XXII,  199, 
1918.)  Leaves  usually  ohovate  and  (jbtuse  with  a  cuneate  base. 
Perhaps  the  most  distinct  of  the  various  forms.  Keweenaw 
county,  September  10.  1888.  No.  ('.'.» 1;  Parkedale,  July  4,  1!M8, 
No.  5036. 

R.  Carolina  var.  lucida  (  b^brh. )  n.  comb.  (R.  Vinjiniana 
Miller.  Gard.  Diet.  No.  10,  1768;  R.  Iniuiilis  var.  lucida  (Ehrh.) 
Best,  Bull.  Tor.  Club  XIV.  256.  1881  ).     In  this  variety  the  j)rickles 
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are  usually  stouter  tb.an  in  tlic  others,  and  often  retlexecl  or  re- 
curved. Parkedale,  July  4.  1!»1S.  No.  5038;  Orion,  July  T,  No. 
r)()4r)a. 

LEGU.MIXACEAE. 

Lcspcdcza  capitata  Michx.  var.  loiigifolia  (DC.)  T.  &  G. 
Rochester,  October  -l,  1913,  No.  3038;  Bloomfield.  September  8, 
1!)18,  No.  5108. 

Lofhvrus  f^alustris  L.  var.  iiiyrtifolius  (  Muhl.)  A.  (]r.  f. 
i'.\LLii).\  n.  f.  Mowers  white  or  whitish.  Open  tamarack  swamps. 
Orion,  Inly  ": .  litis.  No.  ^OoS. 

SAPINDACEAE. 

Acscidus  glabra  Willd.  Bloomfield,  Oakland  county.  Mr.  C. 
Rillir!<,rton.  liMT;  May  2."),  ]!)18.  No.  4805. 

ZIZIPHACEAE. 

Rliaiiinus  cathartica  L.  At  some  time  or  other  a  hedge  was 
planted  on  a  farm  in  the  Bloomfield  Hills  region.  The  hedge,  or 
what  is  left  of  it.  is  still  a  score  or  so  of  vards  in  length,  impene- 
trable, and  about  "-iO  feet  in  height.  The  region  in  the  vicinity 
of  the  hedge  is  well  covered  with  voung  plants,  which  goes  to 
])rove  that  it  is  spreading  from  seed  and  has  become  naturalized. 
September  S.  1<I18.  No.  .IK)!). 

TILIATACEAE. 

'filia  Americana  L.  The  leaves  of  the  typical  species  are 
usually  described  as  glabrous  or  nearly  so.  I  have  seen  no  Lin- 
dens in  southern  Michigan  with  glabrous  leaves  ;  a  leaf  here  and 
there  is  quite  densely  pubescent  with  stellate  hairs.  Generally, 
however,  the  leaves  are  covered  on  the  under  side  with  a  fine 
pubescence  with  a  trace  of  stellate  and  long  simple  hairs.  There 
are  two  well  defined  and  easily  recognized  forms  based  on  size 
and  shape  of  leaves.  The  large  leaved  form  at  flowering  time 
has  the  leaves  4  to  o  inches  wide  and  •"»  or  (i  inches  long,  measured 
along  the  midvein,  ovate  to  ovate-oblong,  obliquely,  truncate  or 
obliquently  cordate,  st3'le,  peduncle  and  usually  the  Ijract  glabrous, 
pedicles  stellate  pubescent,  but  branches  of  the  cyme  glabrous. 
This  probably  is  the  T.  ncglccta  Spach,  .Ann.  Sci.  Nat,  II,  2,  p.  140, 
t.  15,  1834,  and  may  be  known  as  T.  Americana  var.  sc.\bra  n.  var. 
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Junior.  July  li>.  1!MS.  Xo.  .")()(;  1.  \\"i(k'l\-  dislrilnitcd  in  southern 
Michigan.  The  small  leaved  form  has  leaves  ahout  Yi  as  large, 
ahout  \\ z  to  3  inches  long  and  the  same  in  width,  round  ovate  and 
more  generally  ohliquely  cordate,  style  ])ul)cscent  at  l)ase,  pechmcle 
glahrons  hut  hract  usually  more  or  less  stellate  pul)escem,  pedicels 
stellate  puhescent  and  cyme  hranches  more  or  less  so.  This  may 
be  known  as  T .  Awericana  var.  scabka  f.  microphvlla  n.  f.  l-'re- 
qiient  at  Rochester  and  vicinity,  July  13,  1918,  No.  5062,  and  Oct. 
28,  191T.  No.  4803.  Large  leaves  on  succors  may  be  over  a  foot 
in  diameter. 

CORNICULATACEAE. 

Epilohiu)n  oliganthuni  AIx.  (E.  lincarc  var.  oligcuithuiii  (Mx.) 
Trelease).  The  typical,  low,  simple,  few-flowered  form  with  o])- 
posite,  linear  leaves  1  have  not  seen  in  Michigan.  The  common 
form  here  is  the  common  form  of  the  species  with  linear,  strongly 
re  volute  leaves,  frequently  revolute  clear  to  the  midvein,  densely 
bushy-branched  above,  forming  a  compact  top  especially  during 
the  fruiting  season.  This  is  the  E.  lincarc  Muhl.  Cat.  39,  1813  ;  E. 
rosniwinifoUum  Pursh  Fl.  I,  27)\)^  1814;  E..  Icptophyllnm  Raf.  and 
E.  densum  Raf.  Desv,  Jour.  Bot.  II,  ]).  271.  1814;  E.  sqnamatuui 
Nutt.  Gen.  T,  250,  1818;  E..  palustrc  var.  albcscois  Richards. 
Frankl.  Journ.  12,  1823  ;  E.  palustrc  var.  albifloniiii  Echiii.  in  Hook 
Fl.  Bor.  Amer.  1.  207,  1833;  and  E.  palustrc  var.  lincarc  A.  Gr. 
Man.,  130,  1856.  It  may  be  known  as  E.  oliganthum  var.  albes- 
cens (Richards.)  n.  comb.  In  swamps  near  Bloomfield,  Sept.  8, 
1918.  No.  5102.  Another  form,  somewhat  taller  (about  2  feet 
high),  much  more  slender  and  divaricately  branched,  forming  a 
broad,  open  toj).  has  lanceolate  flat  leaves  (primary,  1^.^-2  lines 
wide),  margin  barely  recurved,  and  may  be  known  as  Epilobium 
oliganthum  var.  gracile  n.  var.  Swamps  near  P)loomfield,  Sept. 
8.  1918.  No.  5103. 

UMBELLATACEAE. 

Thaspiuiu  trifoliatuin  ( L. )  A.  (jr.  In  Rhodora  for  March, 
1918,  Mr.  S.  F.  Blake,  in  a  discussion  of  this  species  and  the  Clay- 
ton Herbarium,  makes  the  statement  that  Nuttall's  Thaspium 
aureum  is  ultimately  based  upon  the  Smyrnium  aurcum  L.  and  con- 
sequently Nuttall's  name  must  be  considered  as  a  synonym  of  Zhia 
aurca  (L. )  Koch.     In  making  this  statement  ^Ir.  Blake  is  making 
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Nuttall  say  what  lie  ne\er  intciulcd  to  sa\.  wliat  he  ncner  (Hd  say, 
and  pri)hahly  what  he  never  thouf^dil  of  sayini^.  The  concUision  of 
lUake  would  be  a  lej^ilimate  one  if  Xuttall  liad  proposed  the  si)ecie.s 
on  synonyms  alone,  as,  for  instance,  has  l)een  done  in  \  n\.  \'  of 
the  Memoir  of  the  Torrey  l)otanical  Club  lor  a  lari^e  number  of 
new  comljinations.  j^ut  Xuttall  j^ave  a  fairly  accurate  descri])tion 
of  his  species,  so  accurate,  indeed,  that  it  will  tax  the  ingenuity 
of  the  most  ex])ertly  critical  of  modern  American  botanists  to 
discover  any  resemblance  in  the  fruit  of  7".  aurcmii  as  described 
by  Nuttall  to  that  of  Zicia  anrca  ( L. )  Koch  or  to  reconcile  the 
reduction  of  the  former  to  the  latter.  Thaspiuui  aurciiiii  Nutt.  is 
exemj)litied  by  Nuttall's  description,  not  by  the  synonym  of  Pursh 
listed  after  the  description.  Xuttall  wrote  an  entireh'  new  and  ac- 
curate description  based  upon  the  species  he  had  before  him,  not 
upon  Pursh's  description,  'i'hat  he  quoted  Pursh's  Siuyrnium 
aurcuiii  as  a  synonym  of  his  own  species  is  due  to  a  mistaken  iden- 
tification and  in  no  wise  can  separate  Nuttall's  name  from  his 
species,  which  is  a  true  Thaspium.  Blake  also  claims  that  Thapsia 
trifoliata  L.  is  the  same  as  the  ])urple  flowered  Thaspium  atropur- 
pHrcitiii  Xutt.  because  the  specimen  in  the  Clayton  herbarium  is  a 
])ur]de  flowered  j)lant,  the  Linnaean  si)ecies  being  based  through  the 
Cironovian  reference  on  the  Clayton  s]:)ecimen.  The  Gronovian 
descri])tion  calls  for  a  plant  with  crenate  leaflets;  those  of  7'.  otrn- 
piirpiirciiin  Xutt.  are  serrate.  The  pur])le  flowered  species  cannot 
be  tyiMcal  Thapsia  trifoliata  L.  because  it  does  not  answer  to  the 
description.  Of  the  yellow-flowered  sjjecies  generally  known  as 
Tliaspiuin  aurcttiii  Xutt.  there  are  two  forms,  one  with  serrate 
leaflets  typical  of  Xuttall's  species  and  one  with  crenate  leaflets 
which  is  ty])ical  7".  trifoliatuiii  (  L. )  A.  Cr.  This  latter  is  occasional 
in  southern  Michigan.  A  form  with  sim])ly  ternate  stem  leaves 
and  cordate  radical  leaves  has  often  been  reported  by  some  as 
Zicia  cordata  (  Walt. )  D.  C.  Rockwood,  June  KI,  1!>18.  No.  4952  ; 
Vpsilanti,  May  li),  liMS.  No.  4827  3/^.  The  Ypsilanti  i)lant  has  the 
radical  leaves  ternate  and  lower  stem  leaves  biternate. 

Thaspium  trifoliatum  var.  aurcum  (Xutt.)  Britt.  This  is  the 
yellow-flowered  form  with  serrate  leaflets.  Ypsilanti.  May  19, 
1918.  No.  482r  ;  Rochester,  :\Iay  28,  1918.  No.  48821x  The  Thas- 
pium atropurpurcum  Nutt.  Gen.  1.  19().  1918,  is  but  a  simple 
flowered  form  of  T.  aurcum  X"^utt.  and  mav  be  known  as  T.  tri- 
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foliotiini  var.  aitrrnm  f.  airof^nrpurcHUi  (Desr.)  n.  f.  T  have  not 
seen  it  from  Micliiiian.  hut  it  has  lieen  reported  from  various 
places  in  tlie  southern  section  of  the  State. 

Danciis  Larota  1..  f.  roskvs  n.  f.  ['"lowers  pale  rose.  Kiver 
Rouije.  July  ".M .  IDKi.  No.  UVM) :  Harris.  July  1:5.  1918,  No.  50:8. 

POLE.M()NlAC"h:.\h:. 

Phlox  divar'uaia  J.,  f.  1'UK1'UKi:.\  n.  f.  Flowers  reddish  purple. 
Redford.  May  -21.  1!»18,  No.  18r);5  ;  \'i)silanti.  May  1!),  liMS.  No. 
4839. 

P.  divaricata  L.  f.  aluifloka  n.  f.  Mowers  white,  ^'psilauti. 
May  l!l.  1918,  No.  4838. 

\ERBEN  ACEAE. 

Verbena  Inistata  L.  var.  ohlonyifolia  Xutt.  Briefly  character- 
ized as  with  the  foliage  and  flowers  of  V .  Iiastata  L.,  hut  with  the 
elongated  loosely  panicled  sjjikes  and  scattered  flowers  of  V. 
urtieaefolia  L.  hVanklin.  Sept.  22.  1918.  No.  5159.  Billington, 
Farwell,  and  (dadewitz. 

RINGEN'JWCEAE. 

X'EKOXiCASTKr.M  N'lKc.ixici'M  f.  PURPUREUM  u.  f.  {Lcptandra 
Virti'miaca  var.  purpurea  Ph.  in  Eat  &  Wright  N.  Amer.  Bot., 
29;.  1840).     Bloomfield.  Sept.  S.  li)lS.  No.  5113. 

V.  Vir(/i)iieiiui  var.  hvieeolatuiii  f.  koskiwi  n.  f.  Flowers  ])ink 
or  rose  colored.  I'arkedale.  July  4.  1918.  No.  5021.  Billington  and 
Farwell. 

PLANTAGINACEAE. 

Plaiitat/o  media  P.     Cranhrook.  191S,  Billington. 

SCABIOSACEAE. 

Dipsacus  PnUonnm  L.  (D.  sylvcrtris  Huds.)  f.  ternatus  n.  f. 
Leaves  in  threes.    Detroit.  June  29,  1918,  No.  5003. 

CO.MPOSITACEAE. 

Aster  laevis  L.  One  of  our  commonest  as  well  as  one  of  the 
most  elegant  of  asters  and  very  variahle.  In  the  type,  the  plant 
is  often  3  or  4  feet  in  height,  with  a  locjse.  open,  ohlong  panicle 
that  is  often  more  than  j/2  the  length  of  the  plant.     Stem  leaves 
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cla>])in<^  by  an  auriculate  base,  the  lowenno^t  ta])criiii;  into  a  wini^ed 
])eti()le,  tlie  others  sessile;  tlie  median  lanceolate,  often  I  or  •") 
inches  lon<(  by  1  inch  wide,  the  small  suhnlate  leaves  of  the  branches 
and  branchlets  strongly  anriculate  and  abrnptly  contracted  above 
the  anricles,  thence  tapering  into  an  acumination.  Xear  Rochester, 
Oct.  10.  li)18,  No.  5205. 

Aster  lacz'is  var.  lacz'tc/atiis  {  Hooker)  A.  ( ir.  Somewhat  sim- 
ilar, stem  leave  often  broadly  lanceolate  (  I3^-<?  inches  wide)  and 
thimier.  the  small  leaves  of  the  branches  and  branchlets  snbcordate 
and  oblong-lanceolate,  not  contracted  above  the  base  but  usually 
nearly  uniform  in  width  for  most  of  their  lengths;  j)anicle  often 
shorter  and  more  ovate.  Oxforfl,  Oct.  11,  li'l';.  No.  4T21a; 
Rochester.  Oct.  10.  1918.  No.  5207. 

Aster  laci'is  var.  rALCvrr.^  n.  var.  I'anicle  usualK'  shorter  and 
ovate ;  median  stem  leaves  usually  broadest  at  the  auriculate  base, 
linear — or  oblong — lanceloate.  under  '4  inch  wide  and  often  <! 
inches  long,  some  of  them  falcate;  small  subulate  leaves  as  in  the 
preceding  variety.    Rochester,  Oct.  10.  1018,  No.  520(1. 

Aster  loe7'is  var.  p.-xxdur.xti's  n.  var.  Panicle  and  subulate 
leaves  as  in  the  preceding  varieties.  Median  stem  leaves  small,  2 
or  ']  inches  long  by  ^  to  1  inch  wide,  ovate  or  oblong,  usually 
pandurate.     Rochester,  Oct.  10,  1918,  No.  5008. 

Aster  laex'is  var.  unif^lifoliKs  Porter.  .\  not  unusual  form  with 
the  leaves  broadly  ovate.     Rochester.  Oct.  10,  1918.  No.  520!). 

Aster  laevis  var.  thvrsoideus  n.  var.  Similar  to  the  var. 
faleatus,  but  the  inflorescence  reduced  to  a  thyrse  often  a  foot  or 
more  long.     Rochester.  Oct.  10.  1918.  No.  5209 >{,. 

Xantliiuiii  (jlandnliferum  Greene.  The  yellow  burrs  give  it  a 
peculiar  appearance  at  once  distinguishing  it  from  the  other  s])ecies. 
Oakwood.  Sei)t.  15,  1!)IS,  No.  5118;  River  Rouge.  Sei)t.  15.  1918, 
No.  5139. 

Helianthus  petolaris  Xutt.  .Scarce.  Oakwood.  .Sept.  15.  1918. 
No.  5121. 

Artemisia  guaphalndes  Nutt.  Harris.  July  1:5.  1912.  No.  5082. 
Billington  &  Farwell. 

Erechtites  hicracifoliaxiw.  prealta  (Raf.)  Fernald.  Occasional. 
Detroit.  Sept.  20,  1918,  No.  5153}4. 

Scuccio  ohovatus  var.  rotund  us  Rritton.  Huron  River  valley  at 
Ypsilanti.  May  19,  1918.  No.  bS28. 
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(Reprint   from    The  Journal  of  Laboratory  and  Clinical  Medicine,   St.    Louis,   Vol.   VI, 
Xo.  1.  October,  1920.) 

PREPARATION   AND    STANDARDIZATION    OF    POLY- 
VALENT ANTIPNEUMOCOCCIC  SERUM. 

Hv  N.  S.  Feku\-  .\xi)  1^.\iii.\-  l'.i..\xtii.\Ki).  DiyiRorr,  Mich. 

(From   the    Me<lical    Research    l-ihiiratories.    I'arkc,    Davis   &   Co.,    Detroit,    Mich.) 

At  tlu'  pre.-^cnt  tinu-  the  requirements  of  the  llxi^ienic 
Laboratory,  Washington,  for  the  standardization  of  a  poly- 
valent anti])neum()coccic  serum,  call  for  a  serum  that  shall 
protect  white  mice  against  Type  1  ])neumococcus  only. 
In  other  words,  although  the  horses  which  are  producing  the 
serum  are  required  to  be  injected  with  antigens  composed  of 
all  types  of  the  organism,  the  relative  strength  of  the  anti- 
bodies against  these  other  ty]:)es  is  not  taken  into  consid- 
eration when  the  final  test  of  the  serum  is  carried  out.  Noth- 
ing is  known,  therefore,  of  the  value  of  this  sort  of  a  serum 
except  for  Type  I  pneumonia,  and  its  protective  value  against 
the  other  tyj)es  is  (piestionable.  It  is  no  doubt  felt,  as  the 
reports  of  Cole  and  his  associates  of  the  Rockefeller  Hos- 
pital were  unfavorable  concerning  the  protection  alTorded  by 
Types  II  and  III  serum,  that  to  re(juire  a  standard  except  for 
Type  I  would  be  withotit  significance  and  valueless. 

However,  irrespective  of  these  adverse  publications,  there 
is  a  growing  and  a  healthy  demand  for  a  polyvalent  antipneu- 
mococcic  serum  from  S(jurces  that  must  bear  recognition. 
Many  physicians  find  it  imjiractical  and  even  out  of  the  ques- 
tion to  submit  cases  of  pneumonia  to  a  test  for  proper  diag- 
nosis as  to  the  type  of  the  organism  responsible  for  the  infec- 
tion, and  are  not  only  willing  but  anxious  to  use  a  polyvalent 
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•=0111111.  Also,  {(.)  require  a  case  to  wait  from  ciyht  to  twenty- 
lour  hours  lor  this  diagnosis  greatly  (Hminishes  thi'  chances 
of  the  patient's  recovery,  and  it  ouglit  not  to  l)e  necessary  to 
take  this  chance. 

In  tuHilhng"  the  requirements  for  this  class  of  sera,  an 
attempt  should  be  made  to  produce  a  serum  as  potent  as  pos- 
sible and  one  that  shall  protect  mice  against  all  types  of  the 
organism  in  high  dilutions,  so  that  some  sort  of  a  standard 
can  be  adhered  to.  This  is  not  only  a  ])rotection  for  the 
physician  as  well  as  the  patient,  but,  also,  a  means  of  checking 
the  results  following  the  administration  of  the  serum,  for  sta- 
tistical ])ur])t)ses.  At  the  present  time,  the  reports  as  regards 
the  clinical  value  of  Types  II  and  III  sera  are  entirely  too 
meagre,  and  there  has  l)een  no  report  following  the  use  of 
a  poly\alent  serum  standardized  against  all  types.  In  fact, 
relativel}'  little  has  been  done  or  at  least  published  concern- 
ing the  preparation  and  standardization  of  sera  except  for 
Type  I. 

According  to  Dochez  and  Avery,  the  groups  of  the  pneu- 
mococcus  var}-  in  their  pathogenicity  for  human  beings,  and 
they  give  the  order  of  their  virulence  as  follows:  (iroup  III. 
(jroup  II.  Group  I,  and  Group  IV;  Group  III  being  the  most 
virulent.  They  state,  also,  that  the  degree  of  protective  power 
developed  in  the  sera  of  animals  immunized  against  members 
of  the  different  groups  varies  inversely  with  the  virulence  and 
with  the  amount  of  capsular  development.  By  using  0.5  c.c. 
of  serum  and  0.1  c.c.  of  a  bacterial  suspension,  Cole  reported, 
of  Type  I  serum,  a  protection  against  one  hundred  thousand 
fatal  doses,  and.  of  Type  II  serum.  Avery  reported  a  ])rf)tec- 
tion  against  ten  thousand  fatal  doses.  The  figures  are  not 
given  as  regards  Type  III  serum,  although  it  was  said  to  be 
less  than  Type  II,  and  nothing  has  been  published  as  regards 
a  polyvalent  serum. 

With  horses  immunized  against  single  groui)s  or  types, 
the  authors  have  been  able  to  produce  sera  of  the  following 
strengths:  Type  I,  a  protection  against  ten  million  M.F.D. ; 
Type  II.  a  protection  against  ten  thousand  M.F.D. ;  Type 
III.   a   j)rotection   against   ten    million    M.I^'.D. ;   and   of   those 
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Strains  of  Type  IV  used,  a  protection  against  ten  million 
M.F.D.  This  does  not  quite  agree  with  the  results  of  Cole, 
as  his  protection  against    I  }  ])e  III  was  extremely  low. 

With  individual  horses  immunized  against  all  types  the 
authors  ha\e  produced  polyvalent  antipneumococcic  sera  show- 
ing a  uniform  protection  against  rdl  types  as  follows:  Type 
I.  a  protection  against  ten  million  M.F.D. ;  Type  II.  a  pro- 
tection against  one  hundred  thousand  ]\LF.D. ;  1  ype  III,  ten 
million  M.F.D. ;  and  of  those  strains  of  Tyi)e  IV  used,  a  pro- 
tection against  ten  million  M.F.D. 

As  far  as  laboratory  animals  are  concerned,  therefore,  a 
sufficient  protection  with  a  i)olyvalent  serum  was  obtained 
by  the  authors  against  Types  I,  II  and  III,  and  for  those 
strains  of  Type  IV  which  were  used  as  antigens  in  immuniz- 
ing the  horses,  and  the  serums  producing  this  protection  have 
been  standardized  against  all  types,  using  the  method  required 
at  the  present  time  1)\-  the  Hygienic  Laboratory  for  Type  I 
serum. 

In  producing"  this  i)olyvalent  serum,  horses  already  giving 
a  high  titre  of  Type  I  serum  were  chosen  and  then  injected 
with  mixed  antigens  composed  of  Types  II,  111.  and  l\',  using 
the  regular  schedule  of  injections  as  recommended  for  Type 
I.  In  carrying  on  this  work  twelve  horses  were  under  treat- 
ment. The  following  chart  gives  the  results  of  the  tests  of 
the  sera  of  the  various  horses. 

ST.\.\D.\kDIZ.\TIOX    OF    POLYVALENT    ANTJl'NKUMOCOCCIC    SERA. 

iMgures  represent  number  of  minimum  fatal  doses  of  the 
pneumococcus  against  which  0.2  c.c.  of  serum  will  protect; 
white  mice  being  used  for  test  animal,  as  required  l)v  the 
government. 

At  the  present  time  it  is  required  that  0.2  c.c.  of  Type  I 
serum  will  ])rotcct  against  lO.OOo.Odd  minimum   fatal  doses. 
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A 

NTIGENS. 

SERA. 

TYPE  I. 

TYPE  ir. 

TYPE  III. 

TYPE  IV. 

Horse  1201 
1184 

lO.OOO.OOO 
lO.OOO.OOO 

1  000.000 
1,000,000 

Type  If 

Horse  1203 

"       1204 

10.000 
1,000 

1 

Type  in 
Horse  120.) 
1206 

10,000,000 
10,000,000 

Tvpc   IV 

Horse  1211 

••       V212 

10.000,000 
10,000,000 

Polwalcnt 

Horse    28.") 

38.-) 

859 

909 

lO.OOO.OOO 
10,000.000 
10.000,000 
10,000,000 

10,000 
1  00,000 
1 00,000 

10,000 

10.000,000 
10  000,000 
10,000,000 
10,000,000 

10,000,000 
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A  SIMPLE  METHOD  OF  ISOLATING  BACTERIA  FROM 
PATHOLOGIC  MATERIAL. 

H.  C.  Klix,  Detroit,  Mich. 

(From   the    Medical    Research    I^l)oratories,   Parke,   Davis   &   Co.,    Detroit,    Mich.) 

The  object  of  this  paper  is  to  present  a  simple  and  rapid 
method  for  the  isolation  of  bacteria  from  pathologic  material. 
It  has  been  uscfl  by  the  writer  for  a  number  of  years  in  the 
routine  examination  of  mixed  cultures,  pus,  sputum,  and  other 
material  submitted  for  the  preparation  of  autogenous  vac- 
cines. It  offers  a  number  of  advantages  over  the  ordinary 
plating  method. 

The  use  of  Petri  dishes  is  not  cjnly  cumbersome,  ])ut  is 
unadapted  to  certain  culture  media,  particularly  those  con- 
taining unheated  body  fluids.  The  exposure  incident  to  hand- 
ling plates  also  increases  the  danger  of  contamination.  1"he 
following  method  overcomes  these  disadvantages,  is  simple  of 
execution,  and  can  be  satisfactorily  a])plied  to  ])ractically  all 
bacteriologic  examinations. 

EQUIPMENT. 

A  few  tubes  of  suitable  culture  media,  usually  ascites  agar 
slants,  a  small  tube  of  bouillon,  and  a  platinum  loop. 

TECH  NIC. 

One-fourth  c.c.  of  bouillon  or  water  of  condensation  is 
pipetted  into  each  of  four  tubes  of  solid  media  and  the  tubes 
numbered  I,  II,  III,  and  IV.  A  small  amount  of  pathologic 
material  is  transferred  to  Tube  I  and  mixed  by  means  of 
platinum  wire  with  liquid  (bouillon  or  water  of  condensation). 
Two  or  three  loopfuls  of  the  bouillon  in  Tube  I  are  trans- 
ferred to  Tube  If  and  mixed  as  before.     Two  loopfuls  of  bouil- 
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Ion  from  Tube  II  are  transferred  to  Tube  III.  One  loopful 
from  Tube  III  is  transferred  to  Tube  IV. 

Tubes  are  shaken  to  l:)reak  up  any  clumps  of  original  ma- 
terial or  bacteria,  and  bouillon  is  allowed  to  run  over  the  entire 
surface  of  the  slant  by  properly  inclining  the  tube.  Tubes 
are  placed  in  rack  in  upright  position  and  transferred  to  incu- 
bator. After  24  hours'  incubation  isolated  colonies  are  picked 
up  by  means  of  platinum  wire  and  transferred  to  individual 
tubes  of  culture  media. 

Somewhere  in  the  series  nicely  isolated  colonies  will  be 
found  which  can  be  readily  picked  up. 

The  chief  advantage  of  this  method  aside  from  its  sim- 
plicity is  its  adai)tal)ility  to  any  kind  of  culture  media. 
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Parke,   Davis  &  Co. 
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(Kcpriiitrd  fruni  the  Jmirual  of  Industrial  and  Engineering   Chemistry,  Vol.   lii,   No.  12, 
page   118(i,   December,   1920.) 

THE  CHEMISTRY  OF  DIGITALIS/ 

llv  Herbert  C.  Hamiltox. 

(Fr.pni   tlu-    Medical    Research    r.atioratories.    I'arke.    Davis   &•   Co.,    Detroit,    Mich.) 

Few,  if  any,  j)laiits  used  in  medicine  have  been  the  subject 
of  such  exhaustive  research  to  discover  the  acti\e  princii)!es 
and  separate  them  in  pure  form  as  has  digitahs.  The  list  of 
investigators  is  seemingly  endless;  and  the  products  resulting 
from  their  researches  are  equally  numerous.  While  nuich  of 
the  recent  work  has  been  carried  out  ])rimarily  to  ()i)tain  puri- 
fied preparations  adapted  to  certain  particular  purposes  or 
modes  of  administration,  with  no  specific  attempt  to  isolate 
a  single  pure  i:)rinciple  or  to  separate  one  from  another  if 
more  than  one  are  present,  unquestionabl}-  the  underlying 
thought  is  to  accomplish  this  end. 

This  is  shown  by  the  products,  such  as  digital' »ne,  digi- 
puratum,  digipoten.  and  others,  in  which  the  resulting  ])roduct 
is  more  or  less  ])urified  and  is  probably  better  ada])ted  to 
])rom])t  therapeutic  response  than  the  a\erage  ])harniaceutical. 

The  author  has  now  succeeded  in  isolating  from  digitalis 
two  active  agents,  although  ])roba1)ly  not  in  absolutely  pure 
form.  One  of  these  is  solul)le  in  chltjroform  and  the  other 
insoluble,  but  solubility  in  this  reagent  is  so  de])endent  on  the 
presence  or  absence  of  other  constituents  of  digitalis  or  on 
a  mixture  of  the  two  active  agents  that  it  is  exceeding!}'  diffi 
cult  to  arrive  at  a  j)oint  where  the  complete  solubility  of  the 
one  or  insolubility  of  the  other  can  be  established. 

If  an  attempt  is  made  to  extract  digitalis  leaves  with  chloro- 
form, no  considerable  amount  of  active  matter  is  obtained  in 
the  extract.  If  one  attempts  even  to  use  this  as  a  solvent  for 
Extract  Digitalis,  U.  S.  P.,  little  of  the  active  substance  is 
dissolved.  On  the  other  hand,  a  mixture  of  alcohol  and  chloro- 
form can  be  applied  with  greater  success,  and  under  certain 
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conditions  the  whole  of  the  active  ingredients  will  be  found 
in  this  mixture  of  solvents. 

Again  after  a  partial  purification  of  a  digitalis  extract,  by 
which  the  water-soluble  inert  substances  have  been  removed, 
chloroform  will  dissolve  all  the  active  material  along  with  the 
chlorophyll,  both  of  the  distinctly  different  constituents  dis- 
solving with  equal  facility. 

It  appears,  therefore,  that  certain  constituents  prevent 
solution  of  either  active  agent  in  chloroform,  while  others  aid 
solution.  e\en  permitting  the  ordinarily  insolul:)le  principle  to 
dissolve. 

By  careful  manipulation,  however,  removing  first  one  and 
then  another  of  the  inactive  constituents  of  the  leaf,  it  is  pos- 
sible to  arrive  at  a  point  where  the  product  is  sufficiently  free 
from  substances  which  affect  its  physical  properties  to  permit 
the  separation  from  each  other  of  one  substance  soluble,  the 
other  insoluble,  in  chloroform.  Both  are  soluble  in  ethyl  alco- 
hol, neither  entirely  soluble  in  acetone,  but  this  does  not  seem 
to  indicate  the  presence  of  a  mixture,  the  behavior  toward 
acetone  being  so  far  unexplainable.  Neither  is  more  than 
slightly  soluble  in  water  alone,  but  the  alcoholic  solution  of 
the  chloroform-insoluble  part  is  clearly  soluble  in  water,  even 
when  only  a  minute  amount  of  alcohol  is  present,  while  the 
chloroform-soluble  part  from  an  alcoholic  solution  gives  a 
hazy  solution  when  mixed  with  water. 

The  proportion  of  the  two  present  in  the  leaf  has  not  been 
determined  with  certainty,  since  variations  are  probably 
chargeable  largely  to  non-quantitative  separation.  The  aver- 
age ratio,  however,  is  approximately  2  parts  chloroform-sol- 
uble to  3  parts  chloroform-insoluble. 

The  similarity  of  the  pharmacologic  effects  of  the  two 
substances  tends  toward  skepticism  as  to  the  correctness  of 
this  separation  into  two  parts  of  dissimilar  solubilities.  The 
existence  of  the  chloroform-insoluble  part  is  unquestionable ; 
but  there  seems  to  be  a  tendency  for  the  soluble  part  to  be- 
come less  soluble  on  repeated  applications  of  the  solvent,  or 
else  conditions  tend  to  favor  the  separation  of  more  of  the 
insoluble  from  the  soluble.  While  such  tendency  toward  in- 
creasing insolubility  is  a  fact,  the  writer  has  never  yet  sue- 
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ceeded  in  obtaining  an  ijiactiz'c  chloroform-soluble  portion.  In 
all  the  work,  pharmacologic  experiments  have  demonstrated 
the  presence  or  absence  of  an  active  agent  at  every  stage  of 
the  process. 

The  activities  of  these  two  agents,  in  terms  of  the  leaf  of 
average  potency  considered  as  1,  are  chloroform-insoluble  100, 
chloroform-soluble  70.  It  is  evident,  therefore,  that  the  chloro- 
form-insoluble principle  is  responsible  for  between  65  and  75 
per  cent  of  the  potency  of  the  leaf,  as  measured  by  the  M.L.D. 
or  M.S.D.  on  frogs. 

Statements  to  the  effect  that  the  chloroform-soluble  part 
is  better  adapted  to  therapeutic  purposes  than  is  the  insoluble 
portion  must  be  regarded  with  suspicion,  first,  because  there 
appears  to  be  no  essential  difference  in  the  action  of  the  two, 
and,  second,  because  the  complete  separation  of  the  two  can 
be  accomplished,  if  at  all,  only  when  in  a  high  state  of  purity 
and  where  no  trace  of  admixture  of  alcohol  appears  with  the 
chloroform.  At  a  certain  stage  in  the  process,  by  use  of  chloro- 
form on  a  hydro-alcoholic  solution  of  digitalis,  one  can  obtain 
a  separation,  one  part  containing  a  large  percentage  of  the 
active  agents,  the  other  containing  only  a  small  part,  but  this 
is  merely  an  incomplete  separation  of  the  active  from  the  in- 
active portion  of  the  extract,  mixed  miscible  solvents  and  not 
immiscible  solvents  being  responsible  for  the  completeness  of 
the  separation. 

The  object  of  presenting  this  subject  in  so  imfinished  a 
state  is  primarily  to  record  what  seems  to  be  a  material  bit 
of  progress  in  the  chemistry  of  digitalis,  and  at  the  same  time 
to  question  publicly  any  statement  to  the  effect  that  it  is  a 
simple  matter  to  separate  the  chloroform-soluble  constituents 
from  those  insoluble  in  chloroform,  and  to  prove  the  latter  less 
well  adapted  to  therapeutic  use. 

It  is  hoped  to  present  soon  a  definite  method  for  o])taining 
one  or  more  active  principles  of  digitalis,  together  with  their 
chemical  and  pharmacologic  properties.  In  particular,  how- 
ever, the  writer's  hope  is  to  find  a  method  by  which  the  active 
agents  can  be  separated  and  prepared  for  therapeutic  use  in 
pure  form,  unmixed  with  substances  which  interfere  with  their 
beneficial  effects  and  with  those  which  impair  their  stability. 
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